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It  is  a  matter  of  great  pleasure  for  me  to  present  the  seventh  edition  of 
"Problems  in  Physical  Chemistry"  for  JEE  aspirants.  This  book  brings  out 
the  experience  gained  during  many  years  of  teaching  to  the  JEE  aspirants. 
The  objective  of  this  book  is  to  provide  proper  guidance  and  relevant 
material,  which  is  really  needed  for  the  preparation  of  JEE. 

In  the  book,  very  useful  brief  theory  of  each  chapter  provided  and 
each  chapter  consists  of  three  levels  of  problems  to  cover  the  wide  subject  of 
chemistry  in  a  nut  shell.  The  level  of  problems  given  in  this  book  is 
essentially  required  for  JEE  aspirants. 

LEVEL-1:  Problems  based  on  basic  concepts  and  are  useful  just  to  begin 
the  topic. 

LEVEL-2:  Challenging  problems  based  on  twists  and  wide  applications 
of  facts. 

LEVEL-3:  Problems  based  on  Comprehensions,  Problems  with  One  or 
More  than  one  Correct  Option,  Matching  Type  Problems, 
Assertion  -  Reason  Type  Problems  and  Subjective  Problems 
(Integer  Type  Problems)  to  make  the  students  familiar  with 
current  JEE  Pattern. 

The  problems  are  completely  supported  by  answers.  In  the  last,  hints 
and  solution  have  also  been  provided  wherever  necessary,  to  save  precious 
time  of  students. 

I  hope  that  this  effort  will  cater  to  the  needs  of  JEE  aspirants  and  as  a 
matter  of  facts  they  will  really  enjoy  the  subjects  with  the  problems  given. 

I  would  feel  rewarded  if  you  achieve  your  goal  with  the  help  of  this  book. 

All  attempts  have  been  made  to  make  it  free  from  errors.  In  the  last 
constructive  criticism  and  valuable  suggestion  from  the  readers  are  most 
welcome  to  make  this  effort  more  useful. 

Narendra  Avasthi 

avasthisir@gmail  .com 
sodiumsir@rediffmail.com 
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Laws  of  Chemical  Combination 

Chemical  reactions  take  place  according  to  certain  laws.  These  laws  are  called  the  Laws  of 
Chemical  Combination.  “These  are  no  longer  useful  in  chemical  calculations  now  but  gives  an  idea 
of  earlier  methods  of  analysing  and  relating  compounds  by  mass.” 

❖  Law  of  Conservation  of  Mass  [Lavoisier  (1774)] 

During  any  physical  or  chemical  change,  the  sum  of  masses  of  all  substances  present  in 
reactions  vessel  remain  conserved. 

❖  Law  of  Constant  Composition  or  Definite  Proportions  [Proust  (1799)] 

In  a  given  chemical  compound,  the  elements  are  always  combined  in  the  same  proportions  by 
mass. 

❖  Law  of  Multiple  Proportions  [Dalton  (1803)] 

Whenever  two  elements  form  more  than  one  compound,  the  different  masses  of  one  element 
that  combine  with  the  same  mass  of  the  other  element  are  in  the  ratio  of  small  whole 
numbers. 

❖  Law  of  Reciprocal  Proportions  [Richter  (1792)] 

When  two  elements  combine  separately  with  a  fixed  mass  of  a  third  elements  then  the  ratio 
of  their  masses  in  which  they  do  so  is  either  same  or  some  whole  number  multiple  of  the  ratio 
in  which  they  combine  with  each  other. 

❖  Gay-Lussac’s  Law  of  combining  volumes 

According  to  Gay-Lussac’s  law  of  combining  volume,  when  gases  react  together,  they  always 
do  so  in  volumes  which  bear  a  simple  ratio  to  one  another  and  to  the  volumes  of  the  products, 
if  these  are  also  gases,  provided  all  measurements  of  volumes  are  done  under  similar 
conditions  of  temperature  and  pressure. 

❖  Avogadro’s  Law 

The  volume  of  a  gas  (at  fixed  pressure  and  temperature)  is  proportional  to  the  number  of 
moles  (or  molecules  of  gas  present).  Mathematically  we  can  write  % 

V  cc  n  , '  * 

Or  Equal  volumes  of  all  gases  under  similar  conditions  of  temperature  and  pressure  contain 
equal  number  of  molecules. 


Dalton’s  Atomic  Theory 

❖  Matter  consists  of  tiny  particles  called  atoms. 

❖  Atoms  are  indestructible.  In  chemical  reactions,  the  atoms  rearrange  but  they  do  not 
themselves  break  apart. 

^  ❖  In  any  sample  of  a  pure  element,  all  the  atoms  are  identical  in  mass  and  other  properties. 

❖  The  atoms  of  different  elements  different  elements  differ  in  mass  and  other  properties. 

❖  When  atoms  of  different  elements  combine  to  form  compounds,  new  and  more  complex 
particles  form.  However,  in  a  given  compound  the  constituent  atoms  are  always  present  in  the 
same  fixed  numerical  ratio. 

Modern  Atomic  Theory 

❖  Atom  is  no  longer  considered  to  be  indivisible  :  It  has  been  found  that  an  atom  has  a 
complex  structure  and  is  composed  of  sub-atomic  particles  such  as  electrons,  protons  and 
neutrons. 

❖  Atoms  of  the  same  element  may  not  be  similar  in  all  respects  : 

Ex.  Isotopes  (fj  Na,  ^Na) 

❖  Atoms  of  different  elements  may  be  similar  in  one  or  more  respects  ; 

Ex.  Isobars.  (^Ca,  ^Ar) 

.  *  Atom  is  the  smallest  unit  which  takes  part  in  chemical  reactions  :  Although  atom 

,  .  ’  is  composed  of  sub-atomic  particles,  yet  it  is  the  smallest  particle  which  takes  part  in  chemical 
reactions. 

❖  The  ratio  in  which  atoms  unite  may  be  fixed  and  integral  but  may  not  be 
simple  :  For  example,  in  sugar  molecule  (C12H22On),  the  ratio  of  C,  H  and  O  atoms  is 

-  12  :  22  :  11  which  is  not  simple. 

❖  Atoms  of  one  element  can  be  changed  into  atoms  of  other  element : 

Ex.  Artificial  Nuclear  Reactions 

❖  The  mass  of  atom  can  be  changed  into  energy  :  According  to  Einstein’s  equation 
E  =  me2  [E  =  Energy,  m  =mass,  c  =the  velocity  of  light,  i.e.,  3  x 10  cm  sec-1 ),  mass  and  energy 
are  inter-convertible. 


Mole  Concept 

(a)  Definition  of  one  mole  s  One  mole  is  a  collection  of  that  many  entities  as  there  are 
number  of  atoms  exactly  in  12  gm  of  C-12  isotope. 

(b)  lu  =  1  amu  =[  —  [of  mass  of  1  atom  of  C12  =-^  =  1.66x  10”24  g  , 

U2J  Na 


(c)  For  Elements  : 

❖  1  g  atom  =  1  mole  of  atoms  =  NA  atoms. 

❖  g  atomic  mass  (GAM)  =mass  of  NA  atoms  in  g. 
Mass  (g) 


❖  Mole  of  atoms  = 


GAM  of  molar  mass 


f  , 


(d)  For  molecules  : 

<■  1  g  molecule  =  1  mole  of  molecule  =  NA  molecule. 

❖  g  molecular  mass  (GMM)  =  mass  of  N  A  molecule  in  g. 

❖  Mole  of  molecule  = - Mass  (g) - 

GMM  or  molar  mass 

(e)  For  ionic  compounds  : 

❖  1  g  formula  unit  =  1  mole  of  formula  unit  =  NA  formula  unit. 

❖  g  formula  mass  (GFM)  =mass  of  N  A  formula  unit  in  g. 

❖  Mole  of  formula  unit  = - Mass  ^g) - 

GFM  of  molar  mass 


1  mole  of  a  substance 


Contains  6.022  «  1023  particles 

Weighs  as  much  as  molecular  weight/atomic  ionic/weight  in  grams. 

If  it  is  a  gas,  one  mole  occupies  a  volume  of  22.4  L  at  1  atm  &  273  K 


(g)  Average  or  mean  atomic  mass  :  Average  atomic  mass  of  element 

+A2x2+ . 

. 

Here  Alt  A2  are  isotopic  mass  of  element  and  xX)  x2  are  natural  abundance  of  isotopes. 

(h)  Average  or  mean  molar  mass  :  The  average  molar  mass  of  the  different  substance 

.  .  .  M1n1+M2n2+ . 

present  in  the  container  M  Avg  =  — — - 

nl  +  n2+ . 

Here  M  x ,  M  2  are  molar  mass  of  substances  and  n  j ,  n  2  are  mole  of  substances  present  in  the 
container. 

Empirical  Formula,  Molecular  Formula 

(a)  Empirical  formula  :  Formula  depicting  constituent  atom  in  their  simplest  ratio. 
Molecular  formula  :  Formula  depicting  actual  number  of  atoms  in  one  molecule  of  the 
compound. 

(b)  Relation  between  molecular  formula  and  empirical  formula  : 

Molecular  mass 


Empirical  Formula  mass 


(c)  Densities  : 

❖  Density  = 


❖  Density  = - Unit:  g/cc 

Volume 

,  .  Density  of  any  substance 

<•  Relative  density  = - ^ — - - - 

.  Density  of  reference  substance 

Density  of  any  substance 

❖  Specific  gravity  = - ~ — ; - ~r 

Density  of  water  at  4  C 

❖  Vapour  density :  Ratio  of  density  of  vapour  to  the  density  of  hydrogen  at  similar  pressure 
and  temperature. 


Vapour  density  =  Densiry  of  vaPour  at  some  temperature  and  pressure 
Density  of  H2  gas  at  same  temperature  and  pressure 


Vapour  density  =  Molecular  mass 

2 


Stoichiometry 

Stoichiometry  pronounced  (“stoy  -  key  -  om  -  e  -  tree”)  is  the  calculations  of  the  quantities  of 
reactants  and  products  involved  in  a  chemical  reaction.  Following  methods  can  be  used  for  solving 
problems. 

(a)  Mole  Method  (Balancing  is  required) 

For  Ex.  :  2KC10  3  — 2KC1  +  30  2 

Mole  of  KC103  _  Mole  of  KCl  _  Mole  of  02 
2  ”  2  3  ~ 

(b)  Principle  of  Atom  Conservation  (EO.A.C.)  method  (Balancing  is  not  required) 

For  Ex.  :  KC103  -^->KCl  +  02 

POAC  for  K  :  1  x  mole  of  KC103  =  1  x  mole  of  KCl 

POAC  for  Cl :  1  x  mole  of  KC103  =  1  x  mole  of  KCl 

•  POAC  for  O  :  3  x  mole  of  KC10 3  =  2  x  mole  of  02 

Concept  of  Limiting  Reagent 

*.  .  (a)  Limiting  Reagent  :  It  is  very  important  concept  in  chemical  calculation.  It  refers  to 
reactant  which  is  present  in  minimum  stoichiometry  quantity  for  a  chemical  reaction.  It  is 
reactant  consumed  fully  in  a  chemical  reaction.  So  all  calculations  related  to  various 
products  or  in  sequence  of  reactions  are  made  on  the  basis  of  limiting  reagent. 

(b)  Calculation  of  Limiting  Reagent  :  Divide  given  moles  of  each  reactant  by  their 
stoichiometric  coefficient,  the  one  with  least  ratio  is  limiting  reagent. 

Percentage  Yield 

The  percentage  yield  of  product  = - Actual  yield - x  100 

theoretical  maximum  yield 


Concentration  Terms 

(a)  For  solutions  (homogeneous  mixture)  : 

*  If  the  mixture  is  not  homogeneous,  then  none  of  them  is  applicable. 


(0 


(ii) 


%  by  mass  (  *  ],-Wl- °fs°lute  „ioq 
\W  )  Wt.  of  solution 

[X%  by  mass  means  100  gm  solution  contains  X  gm  solute  ; 
solvent  ] 

%  I  — !  = 


Wt.  of  solute 
V  )  Volume  of  solution 


xlOO 


[■ X%  means  100  mL  solution  contains  X  gm  solute] 


v  (lOO-X)gm 


[stoichiometryI 


(...)  J;|=  Volume  of  solute  xl00 
V  )  Volume  of  solution 

❖  For  gases  %  by  volume  is  same  as  mole  % 

,  n/  Moles  of  solute 

(tv)  Mole  %  - - x  100 

Total  moles 


Mole  fraction  (X)  = 


Moles  of  solute 


(vi)  Molarity  (M)  = 


(vii)  Molality  (m)  = 


Total  moles 

_ Moles  of  solute _ 

Volume  of  solution  (in  litre) 
Moles  of  solute 
Mass  of  solvent  (in  kg) 


,  ....  ....  ,  .  Mass  of  solute  ~  Mass  of  solute  ._6 

(vm)  Parts  per  million  (ppm)  = - x  10  = - - — - - x  10 

Mass  of  solvent  Mass  of  solution 


(ix)  Formality  (F)  = 


Mass  of  solvent 
No.  of  formula  unit 


Volume  of  solution  (in  litre)  •  «  .  *  •  '  ”  . 

(b)  (i)  On  adding  solvent  in  a  solution  (dilution)  :  Number  of  mole  of  solute  remains 


constant 

MfVf  =  MjVj 

(ii)  Mixing  of  two  solutions  of  same  solute 
MfVf  =M1V1+M2V2+.... 

(c)  Volume  strength  of  HzO 2: 

H202  (aq)  solution  labelled  as'rV’  Volume  H202  (for  e.g.,  ‘20  V  H202),  it  means  x 
volume  of  02  (in  litre)  at  1  atm  and  273K  that  can  be  obtained  from  1  litre  of  such  a  sample 
when  it  decomposes  according  to 


h2o2- 


Molarity  of  H202  = 


->h2o  +  -o2 
2  2 

Volume  strength  of  H202 


Eudiometry 

(For  reactions  involving  gaseous  reactants  and  products) 

❖  Eudiometry  or  gas  analysis  involves  the  calculations  based  on  gaseous  reactions  or.  the 
reactions  in  which  at  least  two  components  are  gaseous,  in  which  the  amounts  of  gases. are 
represented  by  their  volumes,  measured  at  the  same  pressure  and  temperature.  .  . . 

<•  Gay-Lussac’s  law  of  volume  combination  holds  good. 

Problem  may  be  solved  directly  is  terms  of  volume,  in  place  of  mole. 

The  volume  of  gases  produced  is  often  given  by  mentioning  certain  solvent  which  absorb 
contain  gases.  •. 


Solvent  gas  (es)  absorb 

KOH  (aq.)  C02,S02)C12 


Ammon  Cu2Cl2  CO 

Turpentine  oil  03 

Alkaline  pyrogallol  02 

Water  NH3,HCI 

Anhydrous  CuS04/CaCl2  H20 

Redox 


(a)  Oxidation  Number  :  It  is  the  charge  (real  or  imaginary)  which  an  atom  appears  to  have 
when  it  is  in  combination.  It  may  be  a  whole  no.  or  fractional.  An  element  may  have 
different  values  of  oxidation  number  depending  .  It  depends  on  nature  of  compound  in 
which  it  is  present.  There  are  some  operational  rules  to  determine  oxidation  number. 

(b)  Definition  of  Oxidation  and  Reduction  : 

❖  Oxidation  :  Addition  of  oxygen  ,  removal  of  hydrogen  ,  addition  of  electronegative 
.  element,  removal  of  electropositive  element ,  loss  of  electrons  ,  increase  in  oxidation 

number  (de-electronation). 

❖  Reduction  :  Removal  of  oxygen,  addition  of  hydrogen,  removal  of  electronegative 
element,  addition  of  electropositive  element,  gain  of  electrons,  decrease  in  oxid.  no. 
(electronation). 

❖  Redox  Reactions :  A  reaction  in  which  oxidation  &  reduction  occur  simultaneously. 

(c)  Agents  : 

❖  Oxidising  Agents  (Oxidants,  Oxidisors)  :  They  oxidise  others,  themselves  are 

.  reduced  &  gain  electrons.  e.g.,  02,03,HN03,Mn02,H202,  halogens, 

KMn04,  K2Cr207,  KI03,CI(S04  )3,  FeCl3,  NaOCl,  hydrogen  ions. (Atoms  present  in  their 
higher  oxidation  state.) 

❖  Reducing  Agents  (Reductants  or  Reducers)  ;  They  reduce  others,  themselves 
get  oxidised  &  lose  electrons.  Also  called  reductants  or  reducers  .  H2  molecular  form  is 
weak  reducing  agent  but  Nascent  hydrogen  is  powerful,  e.g.,  C,  CO,  H2S,  S02,  SnCl2, 
Sodium  thio  Sulphate  (Na2S203),  Al,  Na,  CaH2,  NaBH4,  LiAlH4.  (Atoms  present  in 
their  lower  oxidation  state.) 

Both  Oxidising  &  Reducing  Agents  :  S02,  H202,  03,  N02,  etc. 

(d)  Balancing  of  redox  reactions  : 

❖  Ion electron  method 

❖  Oxidation  number  method 

[Concept  involved  that  in  any  chemical  reaction  e"  cannot  be  produced  so  no.  of  e~s  in 
O.H.  &  R.H.  should  be  same] 


Equivalent  Concept 

(a)  Law  of  Chemical  equivalence  :  It  states  that  in  any  chemical  reaction  the  equivalents 
of  all  the  reactants  and  products  must  be  same. 

2A  +  3B - >4C 

Equivalents  of  ‘  A’ = Equivalents  of  ‘B’= Equivalents  of  ‘C’ 


-v 

*  ' . — - 


wiirf ' 


(b) 


(c) 


(d) 


(e) 


Terms  used  in  equivalent  concept : 

_  .  .  r  ,  Molar  mass  of  A 

.❖  Equivalent  mass  of  A  = 


Equivalents  of ‘A*  = 


Valency  factor  or  n  factor 
Weight  of ‘A’  (ing) 
Equivalent  weight  of  ‘A’ 


❖  Numbers  of  equivalents  of  ‘  A’  =  no.  of  moles  of  ‘  A ’xn- factor 

❖  Normality  (N)  :  For  solutions  concentration  term  normality  (IV)  is  used,  which  can 

be  defined  as  “The  number  of  equivalent  of  solute  present  in  one  litre  (1000  mL) 
solution”.  *  V/ 

_  Number  of  equivalents  of  solute 
Volume  of  solution  (in  L) 

N_  w(g)x  1000 
E  x  V  (in  mL) 

N  =  Molarity  x  Valence  factor 

milli-equivalents  of  solute  =  N  x  V  (in  mL)  =  M  x  V  (in  mL)  xn  factor  * 

Valence  factor  (n-factor)  calculation  :  n-factor  here  we  mean  a  conversion  factor  by 
which  we  divide  molar  mass  of  substance  to  get  equivalent  mass  and  it  depends  on  nature 
of  substance  which  vary  from  one  condition  to  another  condition.  We  can  divide  n-factor 
calculations  in  two  category. 

❖  In  case  of  non-redox  reaction. 

n-factor  =  mole  of  charge  displaced  per  mole  of  specie 

❖  In  case  of  redox  reaction. 

n-factor  of  oxidizing  or  reducing  agent  =mole  of  electrons  gain  or  lost  per  mol  of  specie. 
Volumetric  analysis  (Titration)  :  Titration  is  a  procedure  for  determining  the 
concentration  of  a  solution  by  allowing  a  carefully  measured  volume  to  react  with  a 
standard  solution  of  another  substance,  whose  concentration  is  known. 

❖  Primary  standard  :  A  substance  available  in  a  pure  form  or  state  of  known  purity 
which  is  used  in  standardizing  a  solution. 

❖  Standardization  :  The  process  by  which  the  concentration  of  a  solution  is  accurately 
ascertained. 

♦>  Standard  solution  :  A  solution  whose  concentration  has  been  accurately  determined. 

❖  Titrant :  The  reagent  (a  standard  solution)  which  is  added  from  a  buret  to  react  with 
the  analyte. 

❖  Titrate  :  This  mainly  involve  titrations  based  chemistry.  It  can  be  divided  into  two 
major  category. 

(I)  Non-redox  reactions  (II)  Redox  reactions 

Type  of  reactions  :  ,  « 

(i)  Non-redox  reactions  :  This  involve  following  kind  of  titrations  : 

1.  Acid-Base  titrations 

2.  Double  indicator  acid-base  titration 


3.  Precipitation  titration 

4.  Back  titration 

(ii)  Redox  reactions  :  This  involve  following  kind  of  titrations  : 

1.  Iodimetry  titrations 

2.  Iodometry  titrations 

3.  Back  titration 

(f)  Titrations : 

(I)  Non-redox  titrations 

(1)  Acid-Base  titration  :  To  find  out  strength  or  concentration  of  unknown  acid  or  base 
it  is  titrated  against  base  or  acid  of  known  strength.  At  the  equivalence  point  we  can  know 
amount  of  acid  or  base  used  and  then  with  the  help  of  law  of  equivalents  we  can  find 
strength  of  unknown. 

milliequivalent  of  acid  at  equivalence  point  =  miliiequivalent  of  base  at  equivalence  point 

(2)  Double  indicator  acid-base  titration  :  In  the  acid-base  titration  the  equivalence 
point  is  known  with  the  help  of  indicator  which  changes  its  colour  at  the  end  point.  In  the 
titration  of  polyacidic  base  or  polybasic  acid  there  are  more  than  one  end  point.  Some  times 
one  indicator  is  not  able  to  give  colour  change  at  every  end  point.  So  to  find  out  each  end 
point  we  have  to  use  more  than  one  indicator.  For  example  in  the  titration  of  Na2C03 
against  HC1  there  are  two  end  points. 

Na2C03  +  HC1 - ►NaHC03  +  NaCl 

NaHC03  +  HC1 - >H2C03  +  NaCI 

When  we  use  phenolphthalein  in  the  above  titration  it  changes  its  colour  at  first  end  point 
when  NaHC03  is  formed  and  with  it  we  can  not  know  second  end  point.  Similarly  with 
methyl  orange  it  changes  its  colour  at  second  end  point  only  and  we  can  not  know  first  end 
point.  It  is  because  all  indicator  changes  colour  on  the  basis  of  pH  of  medium.  So  in  titration 
of  NaHC03,  KHC03  against  acid  phenolphthalein  can  not  be  used. 


Titration 

Indicator 

pH  Range 

n-factor 

Na2C03 

Phenolphthalein 

8.3-10 

1 

against  acid 

Na2C03 

Methyl  orange 

3.1 -4.4 

2 

Note  :  When  we  carry  out  dilution  of  solution,  milliequivalent,  equivalent,  milli  mole  or 
mole  of  substance  does  not  change  because  they  represent  amount  of  substance,  however 
molar  concentration  may  change. 

(3)  Precipitation  titration  :  In  ionic  reaction  we  can  know  strength  of  unknown 
solution  of  salt  by  titrating  it  against  a  reagent  with  which  it  can  form  precipitate.  For 
example  NaCl  strength  can  be  known  by  titrating  it  against  AgN03  solution  with  which  it 
form  white  ppt.  of  AgCl. 

milliequivalent  of  NaCl  at  equivalence  point  =  milliequivalent  of  AgN03  used  = 
milliequivalent  of  AgCl  formed 


(II)  Redox  Titrations 

At  equivalence  point, 

milliequivalent  of  Oxidizing  agent  used  =  milliequivalent  of  reducing  agent  reacted. 


S.  No. 

Reagent 

Half  Reaction 

n-factor  of 
reagent 

1. 

FAS  (Mohr's  salt) 
[FeS04(NH4)2S04  •  6H20] 

Fez+  ->  Fe3+  +  e~ 

1 

2. 

MnO^  (Permanganate  ion) 

(in  acidic  medium) 

Mn04  +  8H+  +  Sc'  -►  Mn2+  +  4H20 

5 

3. 

MnO^  (in  basic  medium) 

Mn7+  +  e~  — »  Mn6+ 

1 

4. 

MnOij  (in  mild  basic  or 
neutral  medium) 

Mn7*  +  e”  — >  Mn4+ 

3  1 

5. 

Cr202~  (dichromate  ion) 

Cr202'  +  14H+  +  6e~  -»  2Cr3+  +  7H20 

6 

6. 

C202~  (Oxalate  ion) 

C20^“  -4  2C02  +  2e~ 

2 

7. 

As203 

As203  +  5H20  -►  2As04‘  +  10H+  +  4e~ 

4 

8* 

CaOCl2  (Bleaching  powder) 

CaOCl2  +  H20  +  2K1  -+  Ca(0H)2  +  I2  +  2KC1 

2 

9. 

Mn02 

Mn02  +  4HC1  (Cone  )  A  >  MnCl2  +  Cl2  +  2H20 

2 

10. 

IO3 

10  j  +  51“  +  6H+  -►  3I2  +  3H20 

5 

11. 

H202  (act  as  oxidizing  agent) 

H202  +  2e"  -*■  2H20 

2 

12. 

H202  (act  as  reducing  agent) 

H202  — ►  02+2e 

2 

13. 

H202  (disproportion) 

H202  ->  H20  + 1/20 2 

1 

14. 

Cl2  (disproportion) 

3C12  +  60H“  (strong)  ClOj  +  SCI"  +  3H20 

5/3 

15. 

HjS  (in  acidic  medium) 

2 

16. 

Sn2'*  (in  acidic  medium) 

Sn2+ + 12 ->  Sn4+  +  21" 

2 

17. 

N2H4 

N2H4  ->  N2  +  4H+  +  4e~ 

* 

4 

18. 

SO  (in  acidic  medium) 

SO|-  +  H20  ->  S0^‘  +  2e‘  +  2H* 

2 

19. 

Na2S203  (Sodium 
thiosulphate  or  Hypo) 

2Na2S203  +  I2  — ^  Na2S40^  +  2N3] 

1 

20. 

I2 

I2  +  2e*  -*  2T 

2 

(1)  Iodimetry  Titration  :  In  such  titrations  iodine  solution  is  used  as  an  oxidant  and 
iodine  is  directly  titrated  against  a  reducing  agent.  This  type  of  titrations  are  used  for  the 
determination  of  strength  of  reducing  agents  like  sulphides,  arsenides,  thiosulphates  etc., 
by  titrating  them  against  a  standard  solution  of  iodine. 


This  type  of  titration  involves  free  iodine,  here  iodine  solution  is  treated  with  known 
sodium  thiosulphate  solution. 

I2  +  2Na2S203 - >  2NaI  +  Na2S406 

Equivalents  of  I2  =Equivalents  of  Na2S203  used 

(2)  Iodometry  Titration  :  It  is  an  indirect  method  of  estimation  of  iodine.  In  this 
titration  an  oxidizing  agent  is  used  to  liberate  from  iodine  solution  and  the  liberated  iodine 
is  treated  with  a  standard  solution  of  a  reducing  agent  added  from  a  burette.  Here  a  neutral 
or  an  acidic  solution  of  an  oxidizing  agent  is  used  and  the  amount  of  liberated  I2  is  equal  to 
the  equivalents  of  this  oxidizing  agent. 

These  titrations  are  used  to  determine  the  concentration  of  K2Cr207,  KMn04,  CuS04, 
Ferric  ions,  H202  etc. 

These  titrations  are  carried  out  in  following  two  steps  : 

*  Step-1  :  Oxidizing  agent  (X)  +  KI  (excess) - >l2  +  reduced  state  of  oxidant 

Equivalents  of  (X)  =  Equivalents  of  I2 

❖  Step-2  :  Liberated  I2  +  2Na2S2Ol3 - »2NaI  +  Na2S406 

Equivalents  of  I2  =  Equivalents  of  Na2S203  used 
(g)  Back  titration  :  Back  titration  is  used  in  volumetric  analysis  to  find  out  excess  of  reagent 
added  by  titrating  it  with  suitable  reagent.  It  is  also  used  to  find  out  percentage  purity  of 
sample.  $ 

For  example  in  acid-base  titration  suppose  we  have  added  excess  base  [B(OH)q]  in  acid 
(H„A)  solution. 

To  find  excess  base  it  is  back  titrated  with  another  acid  (HmB)  of  known  strength. 
Equivalent  of  base  =  equivalent  of  (HnA  +  HmB) 

=>  q  x  mole  of  base  taken  =  n  x  mole  of  H„A  reacted  +  m  x  mole  of  HmB  reacted 


Hardness  of  Water  .■> 

(a)  Definition  of  hard  water  :  Hard  water  is  having  soluble  salts  of  calcium  and 
magnessium  ions. 

(b)  Degree  of  hardness  :  Degree  of  hardness  defined  as  number  of  parts  by  mass  of  CaC03 
(or  its  equivalent  quantities  of  other  substance)  present  in  million  parts  of  mass  of  water. 


Hardness  of  water  = 


Mass  ofCaCO, 


x  10° 


ppm 


Mass  of  water 


1.  Calculate  number  of  neutrons  present  in  12  x  1025  atoms  of  oxygen  (8017)  : 

(Given:  NA  =  6xl023) 

(a)  1800  (b)  1600  (c)  1800  N A  (d)  3200  NA 

2.  If  mass  of  one  atom  is  3.32  x  10~23g,  then  calculate  number  of  nucleons  (neutrons  and 
protons)  present  in  2  atoms  of  the  element  : 

(a)  40  (b)  20  (c)  10  (d)  40  N  A 

3.  Calculate  number  of  electrons  present  in  9.5  g  of  P04~: 

(a)  6  (b)  5  Na  (c)  0.1  NA  (d)  4.7  N A 

4.  What  is  the  number  of  moles  of  O-atom  in  126  amu  of  HN03  ? 

(a)  2  00—  (c)  6  (d)  — 

Na  Na 

5.  What  is  the  charge  of  96  amu  of  S  2"  ? 

(a)  2C  (b)  3.2 x  10_19C  (c)  9.6x  10"19C  (d)  6C 

6.  A  sample  of  sodium  has  a  mass  of  46  g.  What  is  the  mass  of  the  same  number  of  calcium  atoms 
as  sodium  atoms  present  in  given  sample  ? 

(a)  46  g  (b)  20  g  (c)  40  g  (d)  80  g 

7.  The  total  no.  of  neutrons  present  in  54  mL  H20  (I)  are: 

(a)  3  Na  (b)  30  Na  (c)  24  NA  (d)  none  of  these 

8.  Total  no.  of  electrons  present  in  48  g  Mg2*  are: 

(a)  24  N„  (b)  2Na  -  (c)  20  JV*  (d)  none  of  these 

9.  The  number  of  neutron  in  5  g  of  D20  (D  is  2H)  are: 

<  (a)  0.25  Na  (b)  2  •  5  NA  (c)  1  •  1  NA  (d)  none  of  these 

10.  Cisplatin,  an  anticancer  drug,  has  the  molecular  formula  Pt(NH3)2Cl2.  What  is  the  mass  (in 
gram)  of  one  molecule  ?  (Atomic  weights  :  Pt  =  195,  H  =  1.0,  N  =  14,  Cl  =  35.5) 

(a)  4.98  x  10“21  (b)  4.98  x  10“22  (c)  6.55  x  10“21  (d)  3.85  x  10'22 

11.  Aspirin  has  the  formula  C9H804 .  How  many  atoms  of  oxygen  are  there  in  a  tablet  weighing 
360  mg? 

(a)  1.204  x  1023  (b)  1.08  x  1022  (c)  1.204  x  1024  (d)  4.81  x  1021 

12.  20  g  of  an  ideal  gas  contains  only  atoms  of  S  and  O  occupies  5.6  L  at  1  atm  and  273  K.  What  is 
the  mol.  wt.  of  gas  ? 

(a)  64  (b)  80  (c)  96  (d)  None  of  these 

13.  A  sample  of  ammonium  phosphate,  (NH4)3P04,  contains  6  moles  of  hydrogen  atoms.  The 
number  of  moles  of  oxygen  atoms  in  the  sample  is: 

(a)  1  (b)  2  (c)  4  (d)  6 

14.  Total  number  of  moles  of  oxygen  atoms  in  3  litre  03(g)  at  27°C  and  8.21  atm  are: 

(a)  3  (b)  1  (c)  1  (d)  none  of  these 

15.  3.011  x  1022  atoms  of  an  element  weight  1.15  gm.  The  atomic  mass  of  the  element  is: 

(a)  10  (b)  2.3  (c)  35.5  (d)  23 


16-  One  atom  of  an  element  x  weigh  6.643  x  10“23  g.  Number  of  moles  of  atom  in  20  kg  is: 

(a)  4  (b)  40  (c)  100  (d)  500 

17.  Mass  of  one  atom  of  the  element  A  is  3.9854  x  10-23  g.  How  many  atoms  are  contained  in  1  g 
of  the  element  A ? 

(a)  2.509  x  1023  (b)  6.022  x  1023  (c)  12.044  x  1023  (d)  None  of  these 

18.  Which  of  the  following  contains  the  largest  mass  of  hydrogen  atoms? 

(a)  5.0  moles  C2H204  (b)  1.1  moles  C3H803 

(c)  1.5  moles  C6H806  (d)  4.0  moles  G2H402 

19.  Which  has  minimum  number  of  atoms  of  oxygen  ? 

(a)  10  mL  H20  (?)  (b)  0.1  mole  of  V2Os  (s) 

(c)  12gmOa(g)  (d)  12.044  x  1022  molecules  of  C02 

20.  Rearrange  the  following  (I  to  IV)  in  the  order  of  increasing  masses: 

(I)  0.5  mole  of  03  (II)  0.5  gm  atom  of  oxygen 

(III)  3.011  x  1023  molecules  of  02  (IV)  5.6  litre  of  C02  at  STP 

(a)  U<IV<III<I  (b)  II<I<IV<III  (c)  IV<II<I1I<1  (d)  I  <  U  <  III  <  IV 

21.  The  volume  of  a  drop  of  water  is  0.0018  ml  then  the  number  of  water  molecules  present  in  two 
drop  of  water  at  room  temperature  is: 

(a)  12.046 x  1019  (b)  1.084x  1018  (c)  4.84x  1017  (d)  d023x  1023  ^ 

22.  It  is  known  that  atom  contain  protons,  neutrons  and  electrons.  If  the  mass  of  neutron  is 

assumed  to  half  of  its  original  value  whereas  that  of  proton  is  assumed  to  be  twice  of  its 
original  value  then  the  atomic  mass  of  ’gC  will  be  :  £ 

(a)  same  (b)  14.28%  less  (c)  14.28%  more  (d)  28.56%  less  -~ 

23.  Common  salt  obtained  from  sea-water  contains  8.775%  NaCl  by  mass.  The  number  of  formula 

units  of  NaCl  present  in  25  g  of  this  salt  is  :  ' ' 

(a)  3.367  x  1023  formula  units  (b)  2.258 x  1022  formula  units 

(c)  3.176x  1023  formula  units  (d)  4.73 x  102S  formula  units 

24.  The  number  of  hydrogen  atoms  present  in  25.6  g  of  sucrose  (C12H22On)  which  has  a  molar 
mass  of  342.3  g  is  : 

(a)  22 x  1023  (b)  9.91  x  1023  (c)  11  x  1023  (d)  44x  1023  * 

25.  Caffiene  has  a  molecular  weight  of  194.  If  it  contains  28.9%  by  mass  of  nitrogen,  number  of 
atoms  of  nitrogen  in  one  molecule  of  caffeine  is  : 

(a)  4  (b)  6  (c)  2  (d)  3 

26.  The  density  of  water  is  lg/mL.  What  is  the  volume  occupied  by  1  molecule  of  water  ? 

(a)  1.44  x  10_23mL  (b)  lmL  (c)  18  mL  (d)  2.88  x  10_23mL 

27.  A  25.0  mm  x  40:0  mm  piece  of  gold  foil  is  0.25  mm  thick.  The  density  of  gold  is  19.32  g/cm3. 
How  many  gold  atoms  are  in  the  sheet  ?  (Atomic  weight :  Au  =  197.0) 

(a)  7.7  x  1023  (b)  1.5  x  1023  (c)  4.3  x  1021  (d)  1.47  x  1022 

28.  If  average  molecular  wt.  of  air  is  29,  then  assuming  N2  and  02  gases  are  there  which  options 
are  correct  regarding  composition  of  air: 

(i)  75%  by  mass  of  N2  (ii)  75%  by  moles  N2  (iii)  72.41%  by  mass  of  N2 

(a)  only  (i)  is  correct  (b)  only  (ii)  is  correct 

(c)  both  (ii)  and  (iii)  are  correct  (d)  both  (i)  and  (ii)  are  correct 


29.  Density  of  dry  air  containing  only  N2  and  02  is  1.15  g/L  at  740  mm  and  300  K.  What  is  % 
composition  of  N2  by  weight  in  the  air  ? 

(a)  78%  (b)  75.5%  (c)  70.02%  (d)  72.7S% 

30.  A  gaseous  mixture  of  H2  and  C02  gas  contains  66  mass  %  of  C02.  The  vapour  density  of  the 
mixture  is: 

(a)  6.1  (b)  5.4  (c)  2.7  (d)  10.8 

31.  The  vapour  density  of  a  mixture  containing  N02  and  N204  is  27.6.  The  mole  fraction  of 
N204  in  the  mixture  is: 

(a)  0.1  (b)  0.2  (c)  0.5  (d)  0.8 

32.  Density  of  an  ideal  gas  at  2  atm  and  600  K  is  2  g/L. 

Calculate  relative  density  of  this  gas  with  respect  to  Ne(g)  at  same  conditions  : 

(Given  :  R  =  1/12  atm  L/mol.K) 

(a)  2.5  (b)  2  (c)  3  (d)  5 

33.  Average  atomic  mass  of  magnesium  is  24.31  a.m.u.  This  magnesium  is  composed  of  79  mole  % 
of  24  Mg  and  remaining  21  mole  %  of  25  Mg  and  26  Mg.  Calculate  mole  %  of  26Mg. 

(a)  10  (b)  11  (c)  15  (d)  16 

34.  Indium  (atomic  weight  =  1 14.82)  has  two  naturally  occurring  isotopes,  the  predominant  one 
form  has  isotopic  weight  114.9041  and  abundance  of  95.72%.  Which  of  the  following  isotopic 
weights  is  the  most  likely  for  the  other  isotope  ? 

(a)  112.94  (b)  115.90  (c)  113.90  (d)  114.90 

35.  Calculate  density  of  a  gaseous  mixture  which  consist  of  3.01  x  1024  molecules  of  N2  and  32  g 
of  02  gas  at  3  atm  pressure  and  860  K  temperature  (Given  :  R  =  1/12  atm  L/mole.K) 

(a)  0.6  g/L  (b)  1.2  g/L  (c)  0.3  g/L  (d)  12  g/L 

36.  A  mixture  of  O  2  and  gas  “Y”  (mol.  wt.  80)  in  the  mole  ratio  a  :  b  has  a  mean  molecular  weight 

40.  What  would  be  mean  molecular  weight,  if  the  gases  are  mixed  in  the  ratio  b  :  a  under 
identical  conditions  ?  (gases  are  non-reacting): 

(a)  40  (b)  48  (c)  62  (d)  72 

37.  If  water  sample  are  taken  from  sea,  rivers  or  lake,  they  will  be  found  to  contain  hydrogen  and 
oxygen  in  the  approximate  ratio  of  1  :  8.  This  indicates  the  law  of: 

(a)  Multiple  proportion  (b)  Definite  proportion 

(c)  Reciprocal  proportions  (d)  None  of  these 

38.  Hydrogen  and  oxygen  combine  to  form  H202  and  HzO  containing  5.93%  and  11.2%  hydrogen 
*  respectively.  The  data  illustrates  : 

(a)  law  of  conservation  of  mass  (b)  law  of  constant  proportion 

(c)  law  of  reciprocal  proportion  (d)  law  of  multiple  proportion 

39.  One  of  the  following  combinations  illustrate  law  of  reciprocal  proportions  : 

(a)  N203,  N204,  N2Os  (b)  NaCl,  NaBr,  Nal 

(c)  CS2,  C02,  S02  (d)  PH3,  P203,  P205 

40.  Carbon  and  oxygen  combine  to  form  two  oxides,  carbon  monoxide  and  carbon  dioxide  in 
which  the  ratio  of  the  weights  of  carbon  and  oxygen  is  respectively  12:16  and  12  :  32.  These 
figures  illustrate  the  : 

(a)  Law  of  multiple  proportions  (b)  Law  of  reciprocal  proportions 

(c)  Law  of  conservation  of  mass  (d)  Law  of  constant  proportions 


41.  A  sample  of  calcium  carbonate  (CaC03 )  has  the  following  percentage  composition :  Ca  =  40%, 
C  =  12%,  O  =  48%.  If  the  law  of  constant  proportions  is  true,  then  the  weight  of  calcium  in  4  g 
of  a  sample  of  calcium  carbonate  obtained  from  another  source  will  be  : 

(a)  0.016  g  (b)  0.16  g  (c)  1.6  g  (d)  16  g 

42.  The  law  of  multiple  proportion  is  illustrated  by  the  two  compounds  : 

(a)  Sodium  chloride  and  sodium  bromide  (b)  Ordinary  water  and  heavy  water 

(c)  Caustic  soda  and  caustic  potash  (d)  Sulphur  dioxide  and  sulphur  trioxide 

43.  All  the  substances  listed  below  are  fertilizers  that  contribute  nitrogen  to  the  soil.  Which  of 
these  is  the  richest  source  of  nitrogen  on  a  mass  percentage  basis  ? 

(a)  Urea,  (NH2)2CO  (b)  Ammonium  nitrate,  NH4N03 

(c)  Nitric  oxide,  NO  (d)  Ammonia,  NH3 

44.  One  mole  of  element  X  has  0.444  times  the  mass  of  one  mole  of  element  Y.  One  atom  of 
element  X  has  2.96  times  the  mass  of  one  atom  of  12C.  What  is  the  atomic  weight  of  Y  ? 

(a)  80  (b)  15.77  (c)  46.67  (d)  40.0 

45.  A  given  sample  of  pure  compound  contains  9.81  gm  of  Zn,  1 .8  x  1023  atoms  of  chromium  and 
0.60  mole  of  oxygen  atoms.  What  is  the  simplest  formula  ? 

(a)  ZnCr207  (b)  ZnCr204  (c)  ZnCr04  (d)  ZnCrOe 

46.  The  formula  of  an  acid  is  I IXO 2 -  The  mass  of  0.0242  moles  of  the  acid  is  1.657  g.  What  is  the 
atomic  weight  of  X  ? 

(a)  35.5  (b)  28.1  (c)  128  (d)  19.0 

47.  What  is  the  empirical  formula  of  vanadium  oxide,  if  2.74  g  of  the  metal  oxide  contains  1.53  g 
of  metal  ? 

(a)  V203  (b)  VO  (c)  V2Os  (d)  V207 

48.  Determine  the  empirical  formula  of  Kelvar,  used  in  making  bullet  proof  vests,  is  70.6%  C,  4.2% 
H,  11.8%  N  and  13.4%  O  : 

(a)  C7HsN02  (b)  C7H5N20  (c)  C7H9NO  (d)  C7H5NO 

49.  The  hydrated  salt  Na2C03xH20  undergoes  63%  loss  in  mass  on  heating  and  becomes 
anhydrous.  The  value  of  x  is: 

(a)  10  (b)  12  (c)  8  (d)  18 

50.  A  6.85  g  sample  of  the  hydrate  Sr(0H)2xH20  is  dried  in  an  oven  to  give  3.13  g  of  anhydrous 
Sr(OH)2.  What  is  the  value  of  x  ?  (Atomic  weights  :  Sr  =  87.60, 0  =  16.0,  H  =  1.0) 

(a)  8  (b)  12  (c)  10  (d)  6 

51.  What  percentage  of  oxygen  is  present  in  the  compound  CaC03-3Ca3(P04)2  ? 

(a)  23.3%  (b)  45.36%  (c)  41.94%  (d)  17.08% 

52.  Dieldrin,  an  insecticide,  contains  C,  H,  Cl  and  O.  Combustion  of  29.72  mg  of  Dieldrin  gave 
41.21  mgC02  and  5.63  mg  of  H20.  In  a  separate  analysis  25.31  mg  of  Dieldrin  was  converted 
into  57.13  mg  AgCl.  What  is  the  empirical  formula  of  Dieldrin  ? 

(a)  C6H4C130  (b)  C8H8C10  (c)  C12H8C160  (d)  C6H4C1302 

53.  A  gaseous  compound  is  composed  of  85.7%  by  mass  carbon  and  14.3%  by  mass  hydrogen.  It’s 
density  is  2.28  g/litre  at  300  K  and  1.0  atm  pressure.  Determine  the  molecular  formula  of  the 
compound  : 

(a)  C2H2  (b)  C2H4  (c)  C4H8  (d)  C4H10 


54.  Complete  combustion  of  0.858  g  of  compound  X  gives  2.63  g  of  C02  and  1.28  g  of  H20.  The 
lowest  molecular  mass  X  can  have  : 

(a)  43  g  (b)  86  g  (c)  129  g  (d)  172  g 

55.  The  sulphate  of  a  metal  M  contains  9.87%  of  M.  This  sulphate  is  isomorphous  with 

ZnS04  •  7H20.  The  atomic  weight  of  M  is  : 

(a)  40.3  (b)  36.3  (c)  24.3  (d)  11.3 

56.  In  an  organic  compound  of  molar  mass  108  gm  mol-1  C,  H  and  N  atoms  are  present  in  9  :  1  : 
3.5  by  weight.  Molecular  formula  can  be  : 

(a)  C6H8N2  (b)  C7H10N  (c)  C5H6N3  (d)  C4H18N3 

57.  On  analysis,  a  certain  compound  was  found  to  contain  254  g  of  iodine  (at.  mass  127)  and  80  g 
oxygen  (at.  mass  16).  What  is  the  formula  of  the  compound  ? 

(a)  IO  (b)  l20  (c)  Is03  (d)  I205 

58.  An  element  A  is  tetravalent  and  another  element  B  is  divalent.  The  formula  of  the  compound 
formed  from  these  elements  will  be  : 

(a)  A2B  (b)  AB  (c)  AB2  (d)  A2B3 

59.  A  compound  used  in  making  nylon,  is  43.8%  oxygen.  There  are  four  oxygen  atoms  per 
molecule.  What  is  the  molecular  weight  of  compound? 

(a)  36  (b)  116  (c)  292  (d)  146 

60.  Suppose  two  elements  X  and  Y  combine  to  form  two  compounds  XY2  and  X2Y3  when  0.05 
mole  of  XYZ  weighs  5  g  while  3.01 1  x  1023  molecules  of  X2Y3  weighs  85  g.  The  atomic  masses 
of  X  and  Y  are  respectively : 

(a)  20,  30  (b)  30,  40  (c)  40,  30  (d)  80,  60 

61.  44  g  of  a  sample  on  complete  combustion  gives  88  gm  C02  and  36  gm  of  H20.  The  molecular 
formula  of  the  compound  may  be: 

(a)  C4H6  (b)  C2H60  (c)  C2H40  (d)  C3H60 

62.  40  milligram  diatomic  volatile  substance  (X2 )  is  converted  to  vapour  that  displaced  4.92  mL  of 
air  at  1  atm  and  300  K.  Atomic  weight  of  element  X  is  nearly: 

(a)  400  (b)  240  (c)  200  (d)  100 

63.  Two  element  X  (at.  mass  =  75)  and  Y  (at.  mass  =  16)  combine  to  give  a  compound  having 

'  75.8%  of  X.  The  formula  of  the  compound  is: 

(a)  XT  (b)  X2T  (c)  X2Y2  (d)  X2T3 

64.  A  sample  of  phosphorus  that  weighs  12.4  g  exerts  a  pressure  8  atm  in  a  0.82 1  litre  closed  vesel 
at  527°C.  The  molecular  formula  of  the  phosphorus  vapour  is: 

(a)  P2  (b)  P4  .(c)  P6  (d)  P8 

65.  Manganese  forms  non-stoichiometric  oxides  having  the  general  formula  MnO* .  The  value  of  x 
for  the  compound  that  analyzed  64%  by  mass  Mn: 

(a)  1.16  (b)  1.83  (c)  2  (d)  1.93 

66.  1.44  gram  of  titanium  (At.  wt.  =  48)  reacted  with  excess  of  02  and  produce  x  gram  of 
non-stoichiometric  compound  Ti1440.  The  value  of  x  is: 

(a)  2  (b)  1.77  (c)  1.44  (d)  none  of  these 

67.  Which  statement  is  false  for  the  balanced  equation  given  below  ? 

CS2  +  30  2 


■»  2S02  +  C02 


(a)  One  mole  of  CS2  will  produce  one  mole  of  C02 

(b)  The  reaction  of  16  g  of  oxygen  produces  7.33  g  of  C02 

(c)  The  reaction  of  one  mole  of  02  will  produce  2/3  mole  of  S02 

(d)  Six  molecules  of  oxygen  requires  three  molecules  of  CS2 

68.  Which  of  the  following  setups  is  correct  to  calculate  the  weight  (in  g)  of  KC103  produced  from 
the  reaction  of  0.150  moles  of  Cl2? 

3C12  +  6KOH  - ►  5KC1  +  KC103  +  3H20 

(a)  0.150  moles  Cl2  x  1  mole  KC103/3  moles  Cl2  x  122.5  g/1  mole  KC103 

(b)  0.150  moles  Cl2  x  1  mole  KC103/3  moles  Cl2  x  1  mole  KC103/122.5  g 

(c)  0.150  moles  Cl2  x  3  moles  Cl2/1  mole  KC103  x  122.5  g/1  mole  KC103 

(d)  0.150  moles  Cl2  x  3  moles  Cl2/1  mole  KC103  x  1  mole  KC103/122.5  g 

69.  2.0  g  sample  contain  mixture  of  Si02  and  Fe203,  on  very  strong  heating  leave  a  residue 
weighing  1.96  g.  The  reaction  responsible  for  loss  of  weight  is 

Fe203  (s) - >  Fe304  (s)  +  02(g),  (unbalance  equation) 

What  is  the  percentage  by  mass  of  Si02  in  original  sample  ? 

(a)  10%  (b)  20%  (c)  40%  (d)  60% 

70.  What  volume  of  air  at  1  atm  and  273  K  containing  21%  of  oxygen  by  volume  is  required  to 
completely  bum  sulphur  (S8)  present  in  200  g  of  sample,  which  contains  20%  inert  material 
which  does  not  bum.  Sulphur  bums  according  to  the  reaction 

is8(s)  +  02(g)  - *  S02(g) 
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(a)  23.52  litre  (b)  320  litre  (c)  112  litre  (d)  533.33  litre 

71.  For  the  reaction,  2Fe(N03)3  +  3Na2C03 - ►  Fe2(C03)3  +  6NaN03 

Initially  if  2.5  mole  of  Fe(N03)2  and  3.6  mole  of  Na2C03  is  taken.  If  6.3  mole  of  NaN03  is 
obtained  then  %  yield  of  given  reaction  is: 

(a)  50  (b)  84  (c)  87.5  (d)  100 

72.  How  many  moles  of  P4  can  be  produced  by  reaction  of  0.10  moles  Cas(P04)3F,  0.36  moles 
Si02  and  0.90  moles  C  according  to  the  following  reaction  ? 

4Ca5(P04)3F  +  18SiOz  +  30 C  - ►  3P4  +  2CaF2  +  18CaSi03  +  30 CO 

(a)  0.060  (b)  0.030  (c)  0.045  (d)  0.075 

73.  Some  older  emergency  oxygen  masks  containing  potassium  superoxide,  K02  which  reacts 
with  CO 2  and  water  in  exhaled  air  to  produce  oxygen  according  to  the  given  equation.  If  a 
person  exhales  0.667  g  of  C02  per  minute,  how  many  grams  of  K02  are  consumed  in  5.0 
minutes? 

4K02  +  2H20  +  4C02  - ►  4KHC03  +  302 

(a)  10.7  (b)  0.0757  (c)  1.07  (d)  5.38 

74.  The  mass  of  N2F4  produced  by  the  reaction  of  2.0  g  of  NH3  and  8.0  g  of  F2  is  3.56  g.  What  is 
the  per  cent  yield? 

2NH3  +  5F2  - >  N2F4  +  6HF 

(b)  71.2  (c)  84.6 


(a)  79.0 


(d)  None  of  these 


75.  Calculate  the  weight  of  lime  (CaO)  obtained  by  heating  200  kg  of  95%  pure  lime  stone 
(CaC03) : 

(a)  104.4  kg  (b)  105.4  kg  (c)  212.8  kg  (d)  106.4  kg 

76.  Phosphoric  acid  (H3P04 )  prepared  in  a  two  step  process. 

(1)  P4  +  502  - ■>  P4O10  (2)  P4O10  +  6H20  - >  4H3P04 

We  allow  62  g  of  phosphorus  to  react  with  excess  oxygen  which  form  P4O10  in  85%  yield.  In 
the  step  (2)  reaction  90%  yield  of  H3P04  is  obtained.  Produced  mass  of  H3P04  is: 

(a)  37.485  g  (b)  149.949  g  (c)  125.47  g  (d)  564.48  g 

77.  9  moles  of  “£>”  and  14  moles  of  E  are  allowed  to  react  in  a  closed  vessel  according  to  given 
reactions.  Calculate  number  of  moles  of  B  formed  in  the  end  of  reaction,  if  4  moles  of  G  are 
present  in  reaction  vessel.  (Percentage  yield  of  reaction  is  mentioned  in  the  reaction) 

Step-1  3D  +  4E  60-^->5C+A 
Step-2  3C  +  5G  5^— >  6 B  +  F 

(a)  2.4  (b)  30  (c)  4.8  (d)  1 

78.  The  chief  ore  of  Zn  is  the  sulphide,  ZnS.  The  ore  is  concentrated  by  froth  floatation  process  and 
then  heated  in  air  to  convert  ZnS  to  ZnO. 

2ZnS  +  30 2  80%  >2ZnO  +  2SOz 

ZnO  +  H2S04  100%  ->ZnS04  +  H20 

2ZnS04  +  2H20-  —  >2Zn  +  2H2S04  +02 

The  number  of  moles  of  ZnS  required  for  producing  2  moles  of  Zn  will  be  : 

(a)  3.125  (b)  2  (c)  2.125  (d)  4 

79.  0.8  mole  of  a  mixture  of  CO  and  C02  requires  exactly  40  gram  of  NaOH  in  solution  for 

complete  conversion  of  all  the  C02  into  Na2C03.  How  many  moles  more  of  NaOH  would  it 
require  for  conversion  into  Na2C03,  if  the  mixture  (0.8  mole)  is  completely  oxidised  to  C02  ? 
(a)  0.2  (b)  0.6  (c)  1  (d)  1.5 

80.  Silver  oxide  (Ag20)  decomposes  at  temperature  300°C  yielding  metallic  silver  and  oxygen  gas. 
A  1.60  g  sample  of  impure  silver  oxide  yields  0.104  g  of  oxygen  gas.  What  is  the  per  cent  by 
mass  of  the  silver  oxide  in  the  sample  ? 

(a)  5.9  (b)  47.125  (c)  94.25  (d)  88.2 

81.  342  gm  of  20%  by  mass  of  Ba(OH)2  solution  (sp.  gr.  0.57)  is  reacted  with  1200  mL  of 
2  M  HN03.  If  the  final  density  is  same  as  pure  water  then  molarity  of  the  ion  in  resulting 
solution  by  nature  of  the  above  solution  is  identified,  is: 

(a)  0.25  (b)  0.5  M  (c)  0.888  M  (d)  None  of  these 

82.  100  mL  of  H2S04  solution  having  molarity  1  M  and  density  1.5  g/mL  is  mixed  with  400  mL  of 

water.  Calculate  final  molarity  of  H2S04  solution,  if  final  density  is  1.25  g/mL  :  f  ’ 

(a)  4.4  M  (b)  0.145  M  (c)  0.52  M  (d)  0.227  M 

83.  What  volume  of  HCl  solution  of  density  1.2  g/cm  3  and  containing  36.5%  by  weight  HCl,  must 
be  allowed  to  react  wtih  zinc  (Zn)  in  order  to  liberate  4.0  g  of  hydrogen  ? 

(a)  333.33  mL  (b)  500  mL  (c)  614.66  mL  (d)  None  of  these 

84.  An  ideal  gaseous  mixture  of  ethane  (C2H6)  and  ethene  (C2H4 )  occupies  28  litre  at  1  atm  and 
273  K.  The  mixture  reacts  completely  with  128  g  02  to  produce  C02  and  H20.  Mole  fraction 
at  C2H6  in  the  mixture  is: 

(a)  0.6  (b)  0.4 


(c)  0.5 


(d)  0.8  * 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


98. 


94. 


95. 


Wood’s  metal  contains  50.0%  bismuth,  25.0%  lead,  12.5%  tin  and  12.5%  cadmium  by  weight. 
What  is  the  mole  fraction  of  tin  ? 

(Atomic  weights  :  Bi  =  209,  Pb  =  207,  Sn  =119,  Cd  =112) 

(a)  0.202  (b)  0.158  (c)  0.176  (d)  0.221 

The  density  of  a  56.0%  by  weight  aqueous  solution  of  1-propanol  (CH3CH2CH2OH)  is  0.8975 

g/cm3.  What  is  the  mole  fraction  of  the  compound  ? 

(a)  0.292  (b)  0.227  (c)  0.241  (d)  0.276 

What  is  the  molartiy  of  S04~  ion  in  aqueous  solution  that  contain  34.2  ppm  of  A12(S04)3  ? 

(Assume  complete  dissociation  and  density  of  solution  1  g/mL) 

(a)  3  x  10 ^  M  (b)  2  x  10"4  M  (c)  10“4  M  (d)  None  of  these 

The  relation  between  molarity  (M)  and  molality  (m)  is  given  by  : 

(p  =  density  of  solution  (mg/mL),  Mx  =  molecular  weight  of  solute) 

-  .  1000  pM 

(b)  m  = - - - 

1000  p  -MMj 

...  1000  M 

(d)  m  = - 

1000  p  -  MMX 

Molarity  and  molality  of  a  solution  of  an  liquid  (mol.  wt.  =  50)  in  aquous  solution  is  9  and  10 
respectively.  What  is  the  density  of  solution? 

(a)  1  g/cc  (b)  0.95  g/cc  (c)  1.05  g/cc  (d)  1.35  g/cc 

An  aqueous  solution  of  ethanol  has  density  1.025  g/mL  and  it  is  2  M.  What  is  the  molality  of 
this  solution  ? 

(a)  1.79  (b)  2.143  (c)  1.951  (d)  None  of  these 

0.2  mole  of  HCl  and  0.2  mole  of  barium  chloride  were  dissolved  in  water  to  produce  a  500  ml. 
solution.  The  molarity  of  the  Cl-  ions  is  : 

(a)  0.06  M  (b)  0.09  M  (c)  1.2  M  (d)  0.80  M 

Calculate  the  mass  of  anhydrous  HCl  in  10  mL  of  concentrated  HCl  (density  =  1.2  g  /  mL) 
solution  having  37%  HCl  by  weight. 

(a)  4.44  g  (b)  4.44  mg  (c)  4.44  x  10“3  mg  (d)  0.444  pg 

Calculate  the  molality  of  1  L  solution  of  80%  H2S04  (w/V),  given  that  the  density  of  the 
solution  is  1.80  gmL'1. 

(a)  8.16  (b)  8.6  (c)  1.02  (d)  10.8 

Fluoxymesterone,  C20H29FO3,  is  an  anabolic  steroid.  A  500  mL  solution  is  prepared  by 
dissolving  10.0  mg  of  the  steroid  in  water,  1.0  mL  portion  of  this  solution  is  diluted  to  a  final 
volume  of  1.00  L.  What  is  the  resulting  molarity  ? 

(a)  1.19  x  10“10  (b)  1.19  x  10-7  (c)  5.95  x  10“8  (d)  2.38  x  10-11 

The  lead  nitrate,  Pb(N03)2,  in  25  mL  of  a  0.15  M  solution  reacts  with  all  of  the  aluminium 
sulphate,  A12(S04  )3,in  20  mL  of  solution.  What  is  the  molar  concentration  of  the  Al2(S04)3? 

3Pb(N03)2(aq)  +  Al2(S04)3(aq)  - ►  3PbS04(s)  +  2Al(N03)3(aq) 

(a)  6.25  x  10“2  M  (b)  2.421  x  10"2  M  (c)  0.1875  M  (d)  None  of  these 

Concentrated  HN03  is  63%  HN03  by  mass  and  has  a  density  of  1.4  g/mL.  How  many 
millilitres  of  this  solution  are  required  to  prepare  250  mL  of  a  1.20  M  HN03  solution? 

(a)  18.0  (b)  21.42  (c)  20.0  (d)  14.21 


(a)  m  = 


(c)  m  = 


1000  M 

1000  p  -  M j 

1000  MM 
1000  p  -  MM, 


96. 


97.  50  mL  of  20.8%  (w/V)  BaCl2  (aq)  and  100  mi  of  9.8%  (w/V)  H2S04  (aq)  solutions  are 
mixed.  Molarity  of  Cl'  ions  in  the  resulting  solution  is:  (At.  wt.  of  Ba  =  137) 

(a)  0.333  M  (b)  0.666  M  (c)  0.1  M  (d)  1.33  M 

98.  100  mL  of  10%  NaOH  ( w/V)  is  added  to  100  mL  of  10%  HC1  (w/V).  The  resultant  solution 
becomes: 

(a)  alkaline  (b)  strongly  alkaline  (c)  acidic  (d)  neutral 

99.  How  many  millilitres  of  0.1  M  H2S04  must  be  added  to  50  mL  of  0.1  M  NaOH  to  give  a 
solution  that  has  a  concentration  of  0.05  M  in  H2S04  ? 

(a)  400  mL  (b)  200  mL  (c)  100  mL  (d)  None  of  these 

100. 1  M  HC1  and  2  M  HC1  are  mixed  in  volume  ratio  of  4  :  1.  What  is  the  final  molarity  of  HC1 
solution? 

(a)  1.5  (b)  1  (c)  1.2  (d)  1.8 

101.  Three.solutions  X,  Y,  Z  of  HC1  are  mixed  to  produce  100  mL  of  0.1  M  solution.  The  molarities  of 
X,  Y  and  Z  are  0.07  M,  0.12  M  and  0.15  M  respectively.  What  respective  volumes  of  X,  Y  and  Z 
should  be  mixed  ? 

(a)  50  mL,  25  mL,  25  mL  (b)  20  mL,  60  mL,  20  mL 

(c)  40  mL,  30  mL,  30  mL  (d)  55  mL,  20  mL,  25  mL 

102.  A  bottle  of  an  aqueous  H202  solution  is  labelled  as  ‘28  V  H202  and  the  density  of  the  solution 

(in  g/mL)  is  1.25.  Choose  the  correct  option: 

(a)  Molality  of  H202  solution  is  2  (b)  Molarity  of  H202  solution  is  5 

(c)  Molality  of  H202  solution  is  2.15  (d)  None  of  these 

103.  The  impure  6  g  of  NaCl  is  dissolved  in  water  and  then  treated  with  excess  of  silver  nitrate 
solution.  The  weight  of  precipitate  of  silver  chloride  is  found  to  be  14  g.  The  %  purity  of  NaCl 
solution  would  be: 

(a)  95%  (b)  85%  (c)  75%  (d)  65% 

104.  A12(S04)3  solution  of  1  molal  concentration  is  present  in  1  litre  solution  of  2.684  g/cc.  How 

many  moles  of  BaS04  would  be  precipitated  on  adding  BaCl2  in  excess  ? 

(a)  2  moles  (b)  3  moles  (c)  6  moles  (d)  12  moles 

105.  A  certain  public  water  supply  contains  0.10  ppb  (part  per  billion)  of  chloroform  (CHC13).  Hpw 
many  molecules  of  CHC13  would  be  obtained  in  0.478  mL  drop  of  this  water  ? 

(assumed  d  =  1  g/mL) 

(a)  4  x  10'3  X  Na  (b)  10'3  X  Na  (c)  4x  10~10  xNa  (d)  None  of  these  „ 

106.  Decreasing  order  (first  having  highest  and  then  others  following  it)  of  mass  of  pure  NaOH  in 
each  of  the  aqueous  solution: 

(i)  50  g  of  40%  (w/W)  NaOH 

(ii)  50  mL  of  50%  (w/V)  NaOH  [dsoln.  =  1.2 g/mL] 

(iii)  50  g  of  15  M  NaOH  [dso!n  =  1  g  /  mL] 

(a)  i,  ii,  iii  (b)  iii,  ii,  i  (c)  ii,  iii,  i  (d)  ii,  i,  iii 

107.  What  is  the  molar  mass  of  diacidic  organic  Lewis  base  (8),  if  12  g  of  chloroplatinate  salt 
(BH2PtCl6)  on  ignition  produced  5  gm  residue  of  Pt? 

(a)  52  (b)  58  (c)  88 


(d)  None  of  these 


108.  One  gram  of  the  silver  salt  of  an  organic  dibasic  acid  yields,  on  strong  heating,  0.5934  g  of 
silver.  If  the  weight  percentage  of  carbon  in  it  8  times  the  weight  percentage  of  hydrogen  and 
one-half  the  weight  percentage  of  oxygen,  determine  the  molecular  formula  of  the  acid. 

(a)  C4H604  (b)  C4H606  (c)  C2H602  (d)  C5H10O5 

109.  0.607  g  of  a  silver  salt  of  tribasic  organic  acid  was  quantitatively  reduced  to  0.37  g  of  pure  Ag. 
What  is  the  mol.  wt.  of  the  acid? 

(a)  207  (b)  210  (c)  531  (d)  324 

110.  A  sample  of  peanut  oil  weighing  2  g  is  added  to  25  mL  of  0.40  M  KOH.  After  saponification  is  i 

complete,  8.5  mL  of  0.28  M  H2S04  is  needed  to  neutralize  excess  of  KOH.  The  saponification 
number  of  peanut  oil  is  : 

(saponification  number  is  defined  as  the  milligrams  of  KOH  consumed  by  1  g  of  oil) 

(a)  146.72  (b)  223.44  (c)  98.9  (d)  None  of  these 

1 1 1.  20  mL  of  a  mixture  of  CO  and  H2  were  mixed  with  excess  of  02  and  exploded  and  cooled.  There 
was  a  volume  contraction  of  18  mL.  All  volume  measurements  corresponds  to  room  temperature 
(27°C)  and  one  atmospheric  pressure.  Determine  the  volume  ratio  Vl  :  V2  of  CO  and  H2  in  the 
original  mixture. 

(a)  1:2  (b)  3:2  (c)  2  :  3  (d)  4  :  1 

112.  In  the  reaction, 

2Al(s)  +  6HCl(aq) - >  2Al3+(aq)  +  6C1' (aq)  +  3H2(g) 

(a)  6LHCl(aq)  is  consumed  for  every  3LH2(g)  produced 

(b)  33.6  LH2(g)  is  produced  regardless  of  temperature  and  pressure  for  every  mole  A1 
that  reacts 

(c)  67.2LH2(g)  at  1  atm  and  273  K  is  produced  for  every  mole  Al  that  reacts 

(d)  11.2  L  H2(g)  at  1  atm  and  273  K  is  produced  for  every  mole  HCl(aq)  consumed 

113.  The  percentage  by  volume  of  C3H6  in  a  gaseous  mixture  of  C3H8,  CH4  and  CO  is  20.  When 
.100  mL  of  the  mixture  is  burnt  in  excess  of  02,  the  volume  of  C02  produced  is: 

(a)  90  mL  (b)  160  mL  (c)  140  mL  (d)  none  of  these 

114. 40  mL  gaseous  mixture  of  CO,  CH4  and  Ne  was  exploded  with  10  mL  of  oxygen.  On  cooling, 
the  gases  occupied  36.5  mL.  After  treatment  with  KOH  the  volume  reduced  by  9  mL  and  again 
on  treatment  with  alkaline  pyrogallol,  the  volume  further  reduced. 

Percentage  of  CH4  in  the  original  mixture  is: 

(a)  22.5  (b)  77.5  (c)  7.5  (d)  15 

115.  A  gaseous  mixture  of  propane  and  butane  of  volume  3  litre  on  complete  combustion  produces 
11.0  litre  C02  under  standard  conditions  of  temperature  and  pressure. 

The  ratio  of  volume  of  butane  to  propane  is: 

(a)  1  :  2  (b)  2  :  1  (c)  3  :  2  (d)  3  :  1 

116.  Phosphorous  has  the  oxidation  state  of  +1  in: 

(a)  Orthophosphoric  acid  (b)  Phosphorous  acid 

(c)  Hypophosphorous  acid  (d)  Metaphosphoric  acid 

117.  The  oxidation  state(s)  of  Cl  in  CaOCl2  (bleaching  powder)  is/are: 

(a)  +1  only  (b)  -1  only  (c)  +1  and  -1  (d)  none  of  these 

118.  The  oxidation  number  of  sulphur  in  S8,  S2F2,  H2S  and  H2S04  respectively  are: 

(a)  0,  +  1,  -  2  and  6  (b)  +  2,  0,  +  2  and  6 

(c)  0,  +  1,  +  2  and  4  (d)  -  2,  0,  +  2  and  6 


119.  Fe  shows  an  oxidation  state  of  +1  in: 

(a)  Fe(CO)5  (b)  [Fe(H20)sN0]  S04 

(c)  Fe4(Fe(CN)6]3  (d)  FeCl; 

120.  When  S02  is  passed  into  an  acidified  potassium  dichromate  solution,  the  oxidation  numbers  of 
sulphur  and  chromium  in  the  final  products  respectively  are: 

(a)  +6,  +6  (b)  +6,  +3  (c)  0,  +3  (d)  +2,  +3 

121.  The  oxidation  number  of  nitrogen  atoms  in  NH4N03  are: 

(a)  +3, +3  (b)  +3, -3  (c)-3,  +  5  .(d)  -5, +  3 

122.  The  oxidation  states  of  S-atoms  in  Caro’s  and  Marshell’s  acids  are:  .*  - 

(a)  +  6,  +  6  (b)  +  6,  +  4  (c)  +  6,  -  6  (d)  +  4,  +  6 

123.  In  which  of  the  following  the  oxidation  number  of  oxygen  has  been  arranged  in  increasing 
order  : 

(a)  OF2  <K02  < Ba02  <03  (b)  Ba02  <K02  <03  <OF2 

(c)  Ba02  <  03  <  OF2  <  K02  (d)  K02  <  OF2  <  03  <  Ba02 

124.  The  oxidation  number  of  oxygen  in  K03,Na202  is  : 

(a)  3,  2  (b)  1,  0  (c)  0,  1  (d)  -0.33,  -1 

125.  The  oxidation  number  of  phosphorus  in  Ba(H2P02)2  is  : 

(a)  -1  (b)  +1  (0+2  (d)  +3 

126.  If  it  is  known  that  in  FeQ9gO,  Fe  is  present  in  +2  and  +3  oxidation  state.  What  is  the  mole 
fraction  of  Fe*  in  the  compound  ? 

(a)  12/25  (b)  25/12  (0  1/12  (d)  11/12 

127.  Which  ordering  of  compounds  is  according  to  the  decreasing  order  of  the  oxidation  state  of 
nitrogen  ? 

(a)  HN03,N0,NH4C1,N2  (b)  HN03,N0,N2,NH4C1 

(c)  HN03,NH4C1,N0,N2  (d)  NO,  HN03,NH4C1, N2 

128. 2  mole  of  N2H4  loses  16  mole  of  electron  is  being  converted  to  a  new  compound*.  Assuming 
that  all  of  the  N  appears  in  the  new  compound.  What  is  the  oxidation  state  of  ‘N’  in  X  ?  . 

(a)  - 1  (b)  -  2  (c)  +  2  (d)  +  4 

129.  When  K2Cr207  is  converted  to  K2Cr04,  the  change  in  the  oxidation  state  of  chromium  is  :• 

(a)  0  (b)  6  (c)  4  (d)  3 

130.  When  a  manganous  salt  is  fused  with  a  mixture  of  KN03  and  solid  NaOH,  the  oxidation 
number  of  Mn  changes  from  +2  to  : 

(a)  +4  (b)  +3  (c)  +6  (d)  +7 

131.  In  Fe(II)-Mn04  titration,  HN03,  is  not  used  because: 

(a)  it  oxidises  Mn*  (b)  it  reduces  MnO; 

(c)  it  oxidises  Fe*  (d)  it  reduces  Fe*  formed 

132.  Which  species  are  oxidized  and  reduced  in  the  reaction  ? 

FeC204  +  KMn04 - >  Fe*  +C02  +  Mn* 

(a)  Oxidised  :  Fe,  C  ;  Reduced  :  Mn  (b)  Oxidised  :  Fe  ;  Reduced  :  Mn 

(c)  Reduced  :  Fe,  Mn  ;  Oxidised  :  C  (d)  Reduced  :  C  ;  Oxidised  :  Mn,  Fe 


PROBLEMS  IN  CHEMISTRY 


133.  In  which  of  the  following  reactions,  H202  is  acting  as  a  reducing  agent  ? 

(a)  S02  +  H202 - ►  H2S04  (b)  2KI  +  H2Oz - >  2KOH  + 12 

(c)  PbS  +  4H202 - ►  PbS04  +  4H20  (d)Ag20  +  H202 - >2Ag  +  H20  +  02 

134.  Following  reaction  describes  the  rusting  of  iron 

4Fe  +  302 - >  4Fe3+  +  602' 

Which  one  of  the  following  statement  is  incorrect  ? 

(a)  This  is  an  example  of  a  redox  reaction  (b)  Metallic  iron  is  reduced  to  Fe3+ 

(c)  Fc3+  is  an  oxidising  agent  (d)  Metallic  iron  is  a  reducing  agent 

135.  Which  reaction  does  not  represent  auto  redox  or  disproportionation  ? 

(a)  Cl2  +  OH" - >  Cl'  +  CIO3  +  H20  Cb)  2H202 - ►  H20  +  02 

(c)  2Cu+ - >  Cu2+  +  Cu  (d)  (NH4  )2Cr207  - »  N2  +  Cr203  +  4H20 

136.  Which  of  the  following  is  redox  reaction  ? 

(a)  H2S04  with  NaOH 

(b)  In  atmosphere,  03  from  02  by  lightning 

(c)  Evaporation  of  H20 

(d)  Oxides  of  nitrogen  form  nitrogen  &  oxygen  by  lightning 

137.  Which  of  the  following  is  a  redox-reaction  ? 

(a)  2Na[Ag(CN)2]  +  Zn - ■>  Na2[Zn(CN)4]  +  2Ag 

Cb)  Ba02  +  H2S04 - >  BaS04  +  H202 

(c)  N2Os  +  H20 - ►  2HN03 

(d)  AgN03  +  KI - >■  Agl  +  KN03 

138.  For  the  redox  reaction,  Mn04  +  C202'  +  H4"  - >  Mn24  +  C02  +  H20 

the  correct  coefficients  of  the  reactants  for  the  balanced  reaction  are  respectively 
Mn04,  C204,  H+: 

(a)  2,  5,  16  Cb)  16,  3,  12  Cc)  15,  16,  12  Cd)  2,  16,  5 

139.  In  a  chemical  reaction,  K2Cr207  +  xH2S04  +  yS02 - >  K2S04  +  Cr2CS04  )3  +  zH20;  the 

value  of  x,  y  and  z  respectively  are  : 

Ca)  x  =  1,  y  =  3,  z  =  1  (b)  X  =  4,  y  =  1,  z  =  4 

Cc)  x  =  3,  y  =  2,  z  =  1  (d)  x  =  2,  y  =  2,  z  =  1 

140.  Balance  the  following  equation  and  choose  the  quantity  which  is  the  sum  of  the  coefficients  of 
the  products  : 

. CS2  + . Cl2 - ►  CC14  + . S2C12 

(a)  5  Cb)  3  (c)  6  Cd)  2 

141.  Balance  the  following  equation  and  choose  the  quantity  which  is  the  sum  of  the  coefficients  of 
reactants  and  products: 

....PtCl4  + ....  XeF2 - >  PtF6  + . . . C1F  + . . .  Xe 

(a)  16  Cb)  13  (c)  18  Cd)  12 

142.  0.1  mole  H3PO*  is  completely  neutralised  by  5.6  g  KOH  then  the  true  statement  is: 

Ca)  x  =  3  and  given  acid  is  dibasic 

Cb)  x  =  4  and  given  acid  has  no  P-H  linkage 
Cc)  x  =  2  and  given  acid  does  not  form  add  salt 
Cd)  all  of  these 


143.  When  potassium  permanganate  is  titrated  against  ferrous  ammonium  sulphate  in  acidic 

medium,  the  equivalent  weight  of  potassium  permanganate  is: 

,  ,  molecular  weight  ^  molecular  weight 

(a)  - - -  W 


molecular  weight 


molecular  weight 


(d)  85.1 


N0  +  H20  +  As0^  +SO4' 


144.  Equivalent  weight  of  FeS2  in  the  half  reaction,  FeS2  - >  Fe203  +  SOz  is  : 

(a)  M/10  (b)  M/ll  (c)  M/6  (d)  M/1 

145.  The  equivalent  weight  of  HC1  in  the  given  reaction  is: 

K2Cr207  +  14HC1 - >  2KC1  +  2CrCl3  +  3C12  +  H20 

(a)  16.25  (b)  36.5  (c)  73  (d)  85.1 

146.  Equivalent  weight  of  H3P02  when  it  disproportionate  into  PH3  and  H3P03  is: 

(a)  M  (b)  M/2  (c)  M/4  (d)  3M/4 

147.  In  the  following  reaction,  As2S3  +  H+  +  N03  - >  NO  +  H20  +  AsO^~  +  S04 

the  equivalent  weight  of  As2S  3  is  related  to  its  molecular  weight  by  : 

(a)  M/2  (b)  M/4  (c)  M/24  (d)  M/28 

148.  Sulphur  forms  the  chlorides  S2Cl2  and  SC12.  The  equivalent  mass  of  sulphur  in  SC12  is  : 

(a)  8  g/mol  (b)  16  g/mol  (c)  64.8  g/mol  (d)  32  g/mol 

149.  The  equivalent  weight  of  an  element  is  4.  Its  chloride  has  a  vapour  density  59.25.  Then,  the 
valency  of  the  elements  is  : 

(a)  4  (b)  3  (c)  2  (d)  1 

150.  6  x  10-3  mole  K2Cr207  reacts  completely  with  9  x  10-3  mole  XTf+  to  give  X03  and  Cr31 .  The 

value  of  n  is  : 

(a)  1  (b)  2  (c)  3  (d)  None  of  these 

151.  What  weight  of  H2C204  •  2H20  (mol.  wt.  =  126)  should  be  dissolved  in  water  to  prepare  250 
ml.  of  centinormal  solution  which  act  as  a  reducing  agent  ? 

(a)  0.63  g  (b)  0.1575  g  (c)  0.126  g  (d)  0.875  g 

152.  The  equivalent  wt.  of  the  salt,  KHC204  •  H2C204  •  4H20  when  it  act  as  reducing  agent  is  : 

(a)  Mol.wt  (b)  Mol.wt  (c)  Mol.wt  (d)  Mol.wt 

1  2  3  4 

153.  The  equivalent  weight  of  divalent  metal  is  W.  The  molecular  weight  of  its  chloride  is  : 

(a)  W  +  35.5  (b)  W  +  71  (c)  2W  +  71  (d)  2W  +  35.5 

154.  When  Br03  ion  reacts  with  Br“  in  acid  medium,  Br2  is  liberated.  The  equivalent  weight  of  Br2 
in  this  reaction  is: 


r  .  5 M 

8  3  5  6 

155.  If  mA  gram  of  a  metal  A  displaces  mB  gram  of  another  metal  B  from  its  salt  solution  and  if  the 
equivalent  weights  are  EA  and  EB  respectively  then  equivalent  weight  of  A  can  be  expressed 


,  .  3M  (  ~  4M 

(c)  —  (d)  — 


(a)  Ea  =— x  Eb  (b  (c)EA=^xEB  (d  )BA=J^xEi 


156.  Hydrazine  reacts  with  KI03  in  presence  of  HCl  as 

N2H4  +  IO;  +  2H+  +  Cl' - »  IC1  +  N2  +  3H20 

The  equivalent  masses  of  N2H4  and  KI03  respectively  are: 

(a)  8  and  53.5  (b)  16  and  53.5  (c)  8  and  35.6  (d)  8  and  87 

157.  What  will  be  the  normality  of  a  solution  obtained  by  mixing  0.45  N  and  0.60  N  NaOH  in  the 
'  ratio  2  :  1  by  volume  ? 

60  N  00  0.5  N  (c)  1.05  N  (d)  0.15  N 

158.  A  solution  containing  2.7 x  10~3  mol  of  A2+  ions  required  1.6 x  10~3  mole  of  Mn04  for  the 

oxidation  of  A  2_  to  A03  the  medium  used  is  : 

(a)  neutral  (b)  acidic  (c)  strong  basic  (d)  none  of  these 

159.  H202  is  used  as  bleaching  reagent  because  on  dissociation  it  gives  oxygen 

(H202 - >H20  +  ±02). 

If  “Chachi  420"  used  H202  solution  to  bleach  her  hair  &  she  required  2.24  L  02  gas  at  1  atm 
and  273  K.  She  has  a  H202  solution  labelled  as  ‘5.6  V’  then  what  volume  of  such  solution  must 
she  required  to  bleach  her  hair  ? 

(a)  200  mL  (b)  300  mL  (c)  400  mL  (d)  500  mL 

160. 1.25  g  of  a  solid  dibasic  acid  is  completely  neutralised  by  25  mL  of  0.25  molar  Ba(OH)2 
solution.  Molecular  mass  of  the  acid  is  : 

(a)  100  (b)  150  (c)  120  (d)  200 

161. 10  mL  of  N-HC1,  20  mL  of  N/2  H2S04  and  30  mL  of  N/3  HN03  are  mixed  together  and 
volume  made  to  one  litre.  The  normality  of  H+  in  the  resulting  solution  is  : 

Ca)  3N/100  (b)  N/ 10  (c)  N/ 20  (d)  AT/40 

162. 0.45  g  of  an  acid  of  mol.  wt.  90  was  neutralised  by  20  mL  of  0.54  N  caustic  potash  (KOH).  The 
basicity  of  add  is  : 

1  (b)  2  (c)  3  (d)  4 

163.  A  3.4  g  sample  of  H202  solution  containing  x%  H202  by  mass  requires  x  mL  of  a  KMn04 

* .  solution  for  complete  oxidation  under  acidic  condition.  The  molarity  of  KMn04  solution  is  : 

(a)  1  0>)  0.5  (c)  0.4  (d)  0.2 

164.  What  volume  of  02(g)  measured  at  1  atm  and  273  K  will  be  formed  by  action  of  100  mL  of  0.5 
N  KMnO  4  on  hydrogen  peroxide  in  an  acid  solution  ?  The  skeleton  equation  for  the  reaction  is 

KMn04  +  H2S04  +  H202  - >  K2S04  +  MnS04  +02  +  H20 

‘  (a)  0.12  litre  (b)  0.028  litre  (c)  0.56  litre  (d)  1.12  litre 

165.  A  sample  of  1.0  g  of  solid  Fe203  of  80%  purity  is  dissolved  in  a  moderately  concentrated  HCl 
solution  which  is  reduced  by  zinc  dust.  The  resulting  solution  required  16.7  mL  of  a  0.1  M 
solution  of  the  oxidant.  Calculate  the  number  of  electrons  taken  up  by  the  oxidant. 

(a)  ^  00  4  (c)  6  .  (d)  5 

166.  KMn04  reacts  with  oxalic  acid  according  to  the  equation 

2Mn04  +  5C204"  +  16H+  - >  2Mn2f+  10CO2  +  8H20 

Here,  20  mL  of  0.1  M  KMn04  is  equivalent  to  : 

(a)  120  mL  of  0.25  M  H2C204  (b)  150  mL  of  0.10  M  H2C204 

(c)  25  mL  of  0.20  M  H2C204  (d)  50  mL  of  0.20  M  H2C2Q4 


167.  Ratio  of  moles  of  Fe  (II)  oxidised  by  equal  volumes  of  equimolar  KMn04  and  K2Cr207 
solutions  in  acidic  medium  will  be: 

00  5  :  3  (b)  1  :  1  (c)  1  :  2  (d)  5  :  6 

168.  The  weight  of  a  mixture  containing  HC1  and  H2S04  is  0.1  g.  On  treatment  with  an  excess  of  an 

AgN03  solution,  reacted  with  this  acid  mixture  gives  0.1435  g  of  AgCl.  Weight  %  of  the  H2S04 
is  mixture  is  :  4 

(a)  36.5  (b)  63.5  (c)  50  (d)  None  of  these 

169.  A  solution  of  Na2S  203  is  standardized  iodometrically  against  0. 167  g  of  KBrOs.  This  process 
requires  50  mL  of  the  Na2S203  solution.  What  is  the  normality  of  the  Na2S203  ? 

(a)  0.2  N  (b)  0.12  N  (c)  0.72  N  (d)  0.02  N 

170.  0.80  g  of  impure  (NH4)2S04  was  boiled  with  100  mL  of  a  0.2  N  NaOH  solution  till  all  the 
NH3(g)  evolved.  The  remaining  solution  was  diluted  to  250  mL.  25  mL  of  this  solution  was 
neutralized  using  5  mL  of  a  0.2  N  H2S04  solution.  The  percentage  purity  of  the  (NH4  )2S04 
sample  is: 

(a)  82.5  (b)  72.5  (c)  62.5  (d)  17.5 

171.  The  NH3  evolved  due  to  complete  conversion  of  N  from  1 .12  g  sample  of  protein  was  absorbed 
in  45  mL  of  0.4  N  HN03.  The  excess  acid  required  20  mL  of  0.1  N  NaOH.  The  %  N  in  the 
sample  is: 

(a)  8  (b)  16  (c)  20  (d)  25 

172.  Find  out  %  of  oxalate  ion  in  a  given  sample  of  an  alkali  metal  oxalate  salt,  0.30  g  of  it  is 

dissolved  in  100  mL  water  required  90  mL  of  centimolar  KMn04  solution  in  acidic  medium. 

(a)  66%  (b)  55%  (c)  44%  (d)  6.6% 

173.  320  mg  of  a  sample  of  magnesium  having  a  coating  of  its  oxide  required  20  mL  of  0.1  M 

hydrochloric  acid  for  the  complete  neutralisation  of  the  latter.  The  composition  of  the  sample  is: 
(a)  87.5%  Mg  and  12.5%  MgO  (b)  12.5%  Mg  and  87.5%  MgO 

(c)  80%  Mg  and  20%  MgO  (d)  20%  Mg  and  80%  MgO 

1 74-.  The  concentration  of  bivalent  lead  ions  in  a  sample  of  polluted  water  that  also  contains  nitrate 
ions  is  determined  by  adding  solid  sodium  sulphate  (M  =  142)  to  exactly  500  mL  water. 
Calculate  the  molarity  of  lead  ions  if  0.355  g  of  sodium  sulphate  was  needed  for  complete 
precipitation  of  lead  ions  as  sulphate. 

(a)  1.25  x  10-3  M  (b)  2.5  x  10-3  M  (c)  5  x  10-3  M  (d)  None  of  these 

175.  What  volume  of  HN03  (sp.  gravity  1.05  g  mL-1  containing  12.6  (w/W)  of  HN03)that  reduce 
into  NO  is  required  to  oxidise  iron  1  g  FeS04  -7H20  in  acid  medium  is: 

(a)  70  mL  (b)  0.57  mL  (c)  80  mL  (d)  0.65  mL 

176.  The  total  volume  of  0.1  M  KMn04  solution  that  are  needed  to  oxidize  100  mg  each  of  ferrous 
oxalate  and  ferrous  sulphate  in  a  mixture  in  acidic  medium  is: 

(a)  1.096  mL  (b)1.32mL  (c)  5.48  mL  (d)  none  of  these 

177.  When  2.5  g  of  a  sample  of  Mohr’s  salt  reacts  completely  with  50  mL  of  —  KMnO.  solution 

10 

The  %  purity  of  the  sample  of  Mohr’s  salt  is, : 

(a)  78.4  (b)  70  (c)  37  (d)  40 

178.  4  mole  of  a  mixture  of  Mohr’s  salt  and  Fe2(S04)3  requires  500  mL  of  1  M  K2Cr207  for 
complete  oxidation  in  acidic  medium.  The  mole  %  of  the  Mohr’s  salt  in  the  mixture  is: 

(a)  25  (b)  50  (c)  60  (d)  75 


179.  The  equivalent  weight  of  a  metal  is  double  than  of  oxygen.  How  many  times  is  the  equivalent 
weight  of  it’s  oxide  than  the  equivalent  weight  of  the  metal  ? 

(a)  1.5  (b)  2  (c)  3  (d)  4 

180.  A  metal  oxide  has  the  formula  X203.  It  can  be  reduced  by  hydrogen  to  give  free  metal  and 
water.  0.1596  g  of  metal  oxide  requires  6  mg  of  hydrogen  for  complete  reduction.  The  atomic 
weight  of  the  metal  (in  amu)  is: 

(a)  15.58  (b)  155.8  (c)  5.58  (d)  55.8 

181.  Calculate  the  mass  of  anhydrous  oxalic  acid,  which  can  be  oxidised  to  CO  2(g)  by  100  mL  of  an 

MnO;  solution,  10  mL  of  which  is  capable  of  oxidising  50  mL  of  IN  I  to  I2. 

(a)  45  g  (b)  22.5  g  (c)  30  g  (d)  12.25  g 

182.  A  mixture  of  NaHC204  and  KHC204  H2C204  required  equal  volumes  of  0.2  N  KMn04  and 
0.12  N  NaOH  separately.  What  is  the  molar  ratio  of  NaHC204  and  KHC204-H2C204in  the 


mixture  ? 

(a)  6  :  1  (b)  1  :  6  (c)  1  :  3  (d)  3  :  1 

183.  Stannous  sulphate  (SnS04)  and  potassium  permanganate  are  used  as  oxidising  agents  in 
acidic  medium  for  oxidation  of  ferrous  ammonium  sulphate  to  ferric  sulphate.  The  ratio  of 
number  of  moles  of  stannous  sulphate  required  per  mole  of  ferrous  ammonium  sulphate  to  the 
number  of  moles  of  KMn04  required  per  mole  of  ferrous  ammonium  sulphate,  is  : 

(a)  2.5  (b)  0.2  (c)  0.4  (d)  2.0 

184.  If  a  g  is  the  mass  of  NaHC204  required  to  neutralize  100  mL  of  0.2  M  NaOH  and  b  g  that 


required  to  reduce  100  mL  of  0.02  M  KMn04  in  acidic  medium,  then. 

(a)  a  =  b  (b)  2 a=b  (c)  a  =  2b  (d)  None  of  these 

185.  2  mole,  equimolar  mixture  of  Na2C204  and  H2C204  required  VjL  of  0.1  M  KMn04  in  acidic 
medium  for  complete  oxidation.  The  same  amount  of  the  mixture  required  V2L  of  0.2  M  NaOH 


for  neutralization.  The  ratio  of  Vx  to  V2  is: 

(a)  1  :  2  (b)  2  :  1  (c)  4  :  5  (d)  5  :  4 

186.  A  mixture  containing  0.05  mole  of  K2Cr2Oy  and  0.02  mole  of  KMn04  was  treated  with 
excess  of  KI  in  acidic  medium.  The  liberated  iodine  required  1.0  L  of  Na2S203  solution  for 
titration.  Concentration  of  Na2S203  solution  was: 

(a)  0.40  mol  L-1  (b)  0.20  mol  L"1  (c)  0.25  mol  L"1  (d)  0.30  mol  L 

187. 25  mL  of  2  N  HCl,  50  mL  of  4  N  HN03  and  xmL  of  2MH2S04  are  mixed  together  and  the 
total  volume  is  made  up  to  1  L  after  dilution.  50  mL  of  this  acid  mixture  completely  reacted 
with  25  mL  of  a  1  N  Na2C03  solution.  The  value  of  x  is: 

(a)  250  mL  (b)  62.5  mL  (c)  100  mL  (d)  None  of  these 

188.  In  an  iodometric  estimation,  the  following  reactions  occur 

2Cu2f  +41"  - >•  Cu2I2  +  I2;  I2  +  2Na2S203  - >•  2NaI+Na2S406 

0.12  mole  of  CuS04  was  added  to  excess  of  KI  solution  and  the  liberated  iodine  required 
120  mL  of  hypo.  The  molarity  of  hypo  solution  was: 

(a)  2  (b)  0.20  (c)  0.1  (d)  1.0 

189. 1  g  mixture  of  equal  number  of  mole  of  Li2C03  and  other  metal  carbonate  (M2C03)  required 
21.6  mL  of  0.5  N  HCl  for  complete  neutralisation  reaction.  What  is  the  approximate  atomic 

weight  of  the  other  metal  ? 

(a)  25  (b)  23 


(c)  24 


(d)  51 


190.  32  g  of  a  sample  of  FeS04-7H20  were  dissolved  in  dilute  sulphuric  acid  and  water  and  it’s 
volume  was  made  up  to  1  litre,  25  mL  of  this  solution  required  20  ml  of  0.02  M  KMn04 
solution  for  complete  oxidation.  Calculate  the  weight  %  of  FeS04  -7H20  in  the  sample. 

(a)  34.75  (b)  69.5  (c)  89.5  (d)  None  of  these 

191.  In  the  mixture  of  (NaHC03  +  Na2C03 ),  volume  of  HC1  required  is  x  mL  with  phenolphthalein 

indicator  andy  mL  with  methyl  orange  indicator  in  the  same  titration.  Hence,  volume  of  HC1 
for  complete  reaction  of  Na2C03  is: 

to)  2x  (b)  y  (c)  x/2  (d)  (y  -  x) 

192.0.1  g  of  a  solution  containing  Na2C03  and  NaHC03  requires  10  mL  of  0.01  N  HCl  for 
neutralization  using  phenolphthalein  as  an  indicator,  wt.  %  of  Na2C03  in  solutions  is: 

(a)  25  (b)  32  (c)  50  (d)  None  of  these 

193.  A  mixture  of  NaOH  and  Na2C03  required  25  mL  of  0.1  M  HCl  using  phenolphthalein  as  the 
indicator.  However,  the  same  amount  of  the  mixture  required  30  mL  of  0.1  M  HCl  when 
methyl  orange  was  used  as  the  indicator.  The  molar  ratio  of  NaOH  and  Na,CO ,  in  the  mixture 
was: 

to)  2  :  1  Cb)  1  :  2  (c)  4  :  1  (d)  1  :  4 

194.  100  mL  solution  of  NaOH  and  Na2C03  was  first  titrated  with  JV/10  HCl  in  presence  of  HPh, 

17.5  mL  is  required  to  end  point.  After  this  MeOH  was  added  and  2.5  mL  of  same  HCl  is 
required.  The  amount  of  NaOH  in  mixture  is  : 

(a)  0,06  g  per  100  mL  (b)  0.06  g  per  200  mL 

(c)  0.05  g  per  100  mL  (d)  0.012  g  per  200  mL 

195. 1  gram  of  a  sample  of  CaC03  was  strongly  heated  and  the  C02  liberated  was  absorbed  in 
100  mL  of  0.5  M  NaOH  solution.  Assuming  90%  purity  for  the  sample.  How  many  mL  of  0.5  M 
HCl  would  be  required  to  react  with  the  resulting  solution  to  reach  the  end  point  in  presence  of 
phenolphthalein? 

(a)  73  mL  (b)  41  mL  (c)  82  mL  (d)  100  mL 

196.  A  sample  of  pure  sodium  carbonate  0.318  g  is  dissolved  in  water  and  titrated  with  HCl 
solution.  A  volume  of  60  mL  is  required  to  reach  the  methyl  orange  end  point.  Calculate  the 
molarity  of  the  acid. 

(a)  0.1  M  (b)  0.2  M  (c)  0.4  M  (d)  None  of  these 

197.  1 0  L  of  hard  water  required  5.6  g  of  lime  for  removing  hardness.  Hence  temporary  hardness  in 
ppm  of  CaC03  is: 

(a)  1000  (b)  2000  (c)  100  (d)  1 

198.  1  L  of  pond  water  contains  20  mg  of  Ca2+  and  12  mg  of  Mg  ^  ions.  What  is  the  volume  of  a  2  N 
Na2COs  solution  required  to  soften  5000  L  of  pond  water? 

(a)  500  L  (b)  50  L  (c)  5L 


(d)  None  of  these 


199.  One  litre  of  a  sample  of  hard  water  contain  4.44  mg  CaCl2  and  1.9  mg  of  MgCl2.  What  is  the 
total  hardness  in  terms  of  ppm  of  CaC03? 

(a)  2  ppm  (b)  3  ppm  (c)  4  ppm  (d)  6  ppm 

200.  If  hardness  of  water  sample  is  200  ppm,  then  select  the  incorrect  statement  : 

(a)  Mass  ratio  of  CaC03  to  H20  is 

100 

(b)  Mol  ratio  of  CaC03  to  H20  is  3.6x  10'5 

1  (c)  Mass  of  CaC03  present  in  hard  water  is  0.2  g/L 

.  (d)  1  miliequivalent  of  CaCO  3  present  in  1  kg  of  hard  water 


1.  A  mixture  of  NH4N03  and  (NH4)2HP04  contain  30.40%  mass  per  cent  of  nitrogen.  What  is 
the  mass  ratio  of  the  two  components  in  the  mixture  ? 

(a)  2  :  1  Cb)  1:2  (c)  3  :  4  (d)  4  :  1 

2.  What  volume  of  75%  alcohol  by  weight  (d  =  0.80  g/cm  3 )  must  be  used  to  prepare  150  cm3  of 

30%  alcohol  by  weight  (d=  0.90 g/cm3)? 

(a)  67.5  mL  (b)  56.25  mL  (c)  44.44  mL  (d)  None  of  these 

3.  Calculate  the  number  of  millilitres  of  NH3  (aq)  solution  (d  =  0.986  g/mL)  contain  2.5%  by 

weight  NH3)  which  will  be  required  to  precipitate  iron  as  Fe(OH)3  in  a  0.8  g  sample  that 
contains  50%  Fe203. 

(a)  0.344  mL  (b)  3.44  mL  (c)  17.24  mL  (d)  10.34  mL 

4.  In  the  preparation  of  iron  from  haematite  (Fe203)  by  the  reaction  with  carbon 

Fe203  +C  - >  Fe  +  C02 

How  much  80%  pure  iron  could  be  produced  from  120  kg  of  90%  pure  Fe203  ? 

(a)  94.5  kg  (b)  60.48  kg  (c)  116.66  kg  (d)  120  kg 

5.  A  mineral  consists  of  an  equimolar  mixture  of  the  carbonates  of  two  bivalent  metals.  One 
metal  is  present  to  the  extent  of  12.5%  by  weight.  2.8  g  of  the  mineral  on  heating  lost  1.32  g  of 
C02.  What  is  the  %  by  weight  of  the  other  metal  ? 

(a)  87.5  (b)  35.71  (c)  65.11  (d)  23.21 

6.  6.2  g  of  a  sample  containing  Na2C03,  NaHC03  and  non-volatile  inert  impurity  on  gentle 

heating  loses  5%  of  its  weight  due  to  reaction  2NaHC03 - >  Na2C03  +  H20  +  C02r: 

Residue  is  dissolved  in  water  and  formed  100  mL  solution  and  its  10  mL  portion  requires 
7.5  mL  of  0.2  M  aqueous  solution  of  BaCl2  for  complete  precipitation  of  carbonates. 

Determine  weight  (in  gram)  of  Na2C03  in  the  original  sample.  • 

(a)  1.59  (b)  1.06  (c)  0.53  (d)  None  of  these  ■*. 

7.  Nitric  acid  can  be  produced  NH3  in  three  steps  process 

(I)  4NH3(g)  +  502(g)  - >  4NO(g)  +  6HzO(g) 

(II)  2NO(g)  +  Oz(g)  - >  2N02(g) 

(III)  3NO2(g)  +  H2O(0  - 1  2HN03(aq)  +  NO(g) 

percent  yield  of  Ist,  IInd  and  IIIrd  are  respectively  50%,  60%  and  80%  respectively  then  what 
,  volume  of  NH3(g)  at  1  atm  and  0°C  required  to  produced  1575  g  of  HN03.  . 

,  (a)  156.25  (b)  350  L  (c)  3500  L  (d)  None  of  these 

8.  1  M  NaOH  solution  was  slowly  added  into  1000  mL  of  183.75  g  impure  H2S04  solution  and 

the  following  plot  was  obtained.  The  percentage  purity  of  H2S04  sample  and  slope  of  the 
curve  respectively  are: 
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(a)  75%,  -  i  (b)  80%,  -  -  (c)  80%,  - 1  (d)  None  of  these 
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9.  Mn02  on  ignition  converts  into  Mn304 .  A  sample  of  pyrolusite  having  75%  Mn02,  20%  inert 
impurities  and  rest  water  is  ignited  in  air  to  constant  weight.  What  is  the  percentage  of  Mn  in 
the  ignited  sample  ? 

(a)  24.6%  (b)  37%  (c)  55.24%  (d)  74.05% 

10.  A  1.0  g  sample  of  a  pure  organic  compound  containing  chlorine  is  fused  with  Na20  2  to  convert 
chlorine  to  NaCi.  The  sample  is  then  dissolved  in  water,  and  the  chloride  precipitated  with 
AgN03,  giving  1.96  g  of  AgCl.  If  the  molecular  weight  of  organic  compound  is  147,  how  many 
chlorine  atoms  does  each  molecule  contain  ? 

(a)  1  (b)  2  (c)  3  (d)  4 

11.  A  0.60  g  sample  consisting  of  onlyCaC204  and  MgC204  is  heated  at  500°C,  converting  the 
two  salts  of  CaC03  and  MgC03.  The  sample  then  weighs  0.465  g.  If  the  sample  had  been 
heated  to  900°C,  where  the  products  are  CaO  and  MgO,  what  would  the  mixtures  of  oxides 
have  weighed  ? 

(a)  0.12  g  (b)  0.21  g  (c)  0.252  g  (d)  0.3  g 

12.  A  metal  M  forms  the  sulphate  M2(S04  )3.  A  0.596  gram  sample  of  the  sulphate  reacts  with 
excess  BaCl2  to  give  1.220  g  BaS04 .  What  is  the  atomic  weight  of  Ml 

(Atomic  weights  :  S  =  32,  Ba  =  137.3) 

(a)  26.9  (b)  69.7  (c)  55.8  (d)  23 

13.  Urea  (H2NCONH2)  is  manufactured  by  passing  CO 2(g)  through  ammonia  solution  followed 
by  crystallization.  C02  for  the  above  reaction  is  prepared  by  combustion  of  hydrocarbon.  If 
combustion  of  236  kg  of  a  saturated  hydrocarbon  (CnH^^)  produces  as  much  C02  as 
required  for  production  of  999.6  kg  urea  then  molecular  formula  of  hydrocarbon  is: 

(a)  C10H22  (b)  C12H26  (c)  C13H2g  (d)  C8H18 

14.  11.6  g  of  an  organic  compound  having  formula  CnH2„+  2  is  burnt  in  excess  of  02(g)  initially 
taken  in  a  22.41  litre  steel  vessel.  Before  reaction  the  gaseous  mixture  was  at  273  K  with 
pressure  reading  2  atm.  After  complete  combustion  and  loss  of  considerable  amount  of  heat, 
the  mixture  of  product  and  excess  of  02  had  a  temperature  of  546  K  and  4.6  atm  pressure.  The 
formula  of  organic  compound  is: 

(a)  C2H6  (b)  C3H8  (c)  C5H12  (d)  C4H10 


15.  H202  +  2KI  4°%yieId>  I2  +  2KOH 

50%  yield 

H202  +  2KMn04  +  3H2S04  - - — >  K2S04  +  2MnS04  +  302  +  4H20 

150  mL  of  H202  sample  was  divided  into  two  parts.  First  part  was  treated  with  KI  and  formed 
KOH  required  200  mL  of  M/2  H2S04  for  neutralisation.  Other  part  was  treated  with  KMn04 

yielding  6.74  litre  of02  at  1  atm.  and  273  K.  Using  %  yield  indicated  find  volume  strength  of 
H202  sample  used. 

(a)  5.04  (b)  10.08  (c)  3.36  (d)  33.6 

16.  S02C12  (sulphuryl  chloride)  reacts  with  water  to  given  a  mixture  of  H2S04  and  HCl.  What 
volume  of  0.2  M  Ba(OH)2  is  needed  to  completely  neutralize  25  mL  of  0.2  MS02C12  solution: 

(a)  25  mL  (b)  50  mL  (c)  100  mL  (d)  200  mL 

17.  5  g  sample  contain  only  Na2C03  and  Na2S04 .  This  sample  is  dissolved  and  the  volume  made 
up  to  250  mL,  25  mL  of  this  solution  neutralizes  20  mL  of  0.1  M  H2S04. 

Calculate  the  %  of  Na2S04  in  the  sample: 

(a)  42.4  (b)  57.6  (c)  36.2  (d)  none  of  these 

18.  20  mL  of  0.2M  NaOH  (aq)  solution  is  mixed  with  35  mL  of  0.1  M  NaOH  (aq)  solution  and  the 
resultant  solution  is  diluted  to  100  mL.  40  mL  of  this  diluted  solution  reacted  with  10%  impure 
sample  of  oxalic  acid  (H2C204).  The  weight  of  impure  sample  is: 

(a)  0.15  gram  (b)  0.135  gram  (c)  0.59  gram  (d)  None  of  these 

19.  A  silver  coin  weighing  11.34  g  was  dissolved  in  nitric  acid.  When  sodium  chloride  was  added 
to  the  solution  all  the  silver  (present  as  AgNOa)  was  precipitated  as  silver  chloride.  The  weight 
of  the  precipitated  silver  chloride  was  14.35  g.  Calculate  the  percentage  of  silver  in  the  coin. 

(a)  4.8%  (b)  95.2%  (c)  90%  (d)  80% 

20.  Two  elements  X  (at  mass  16)  and  Y  (at  mass  14)  combine  to  form  compounds  A,  B  and  C.  The 
ratio  of  different  masses  of  Y  which  combine  with  a  fixed  mass  of  X  in  A,  B  and  C  is  1 :  3  :  5.  If 
32  parts  by  mass  of  X  combines  with  84  parts  by  mass  of  Y  in  B,  then  inC,  16  parts  by  mass  of  X 
will  combine  with  : 

(a)  14  parts  by  mass  of  Y  (b)  42  parts  by  mass  of  Y 

(c)  70  parts  by  mass  of  Y  (d)  84  parts  by  mass  of  Y 

21.  The  conversion  of  oxygen  to  ozone  occurs  to  the  extent  of  15%  only.  The  mass  of  ozone  that 
can  be  prepared  from  67.2  L  of  oxygen  at  1  atm  and  273  K  will  be  : 

(a)  14.4  gm  (b)  96  gm  (c)  640  gm  (d)  64  gm 

22.  AH  2  (ion  exchange  resin)  can  replace  Ca^  ions  in  hard  water  as  RH2  +  Ca2H  - > 

RCa  4-  2H+ .  If  1  L  of  hard  water  after  passing  through  RH2  has  pH  =  3  then  hardness  in  parts 
per  million  of  Ca2*-  is: 

(a)  20  (b)  10  (c)  40  (d)  100 

23.  100  cm  3  of  a  solution  of  an  acid  (Molar  mass  =  98)  containing  29.4  g  of  the  acid  per  litre  were 
completely  neutralized  by  90.0  cm3  of  aq.  NaOH  containing  20  g  of  NaOH  per  500  cm3.  The 
basicity  of  the  acid  is: 

(a)  3  (b)  2  (c)  1 


(d)  data  insufficient 


24.  20  mL  of  0.1  M  solution  of  compound  Na  2CO  vNaHCO  3  -2H  20  is  titrated  against  0.05  M  HCl, 
x  mL  of  HCl  is  used  when  phenolphthalcin  is  used  as  an  indicator  and  y  mL  of  HCl  is  used 
when  methyl  orange  is  the  indicator  in  two  separate  titrations.  Hence  (y  -  Jt)  is: 

(a)  40  mL  y  (b)  80  mL 

(c)  120  mL  (d)  None  of  these 

25.  A  sample  containing  HAs02  (mol.  wt.  =  108)  and  weighing  3.78  g  is  dissolved  and  diluted  to 
250  mL  in  a  volumetric  flask.  A  50  mL  sample  (aliquot)  is  withdrawn  with  a  pipet  and  titrated 
with  35  mL  of  0.05  M  solution  of  I2.  Calculate  the  percentage  HAs02  in  the  sample: 

(a)  25%  (b)  20% 

(c)  10%  (d)  none  of  these 

26.  A  mixture  of  FeO  and  Fe203  is  completely  reacted  with  100  mL  of  0.25  M  acidified  KMn04 
solution.  The  resultant  solution  was  then  titrated  with  Zn  dust  which  converted  Fe3i  of  the 
solution  to  Fe2* .  The  Fe2*  required  1000  mLof0.10MK2Cr207  solution.  Find  out  the  weight 

%  Fe203  in  the  mixture. 

(a)  80.85  (b)  19.15 

(c)  50  (d)  89.41 

27.  To  a  10  mL,  1  M  aqueous  solution  of  Br2,  excess  of  NaOH  is  added  so  that  all  Br2  is 
disproportional  to  Br~  and  Br03.  The  resulting  solution  is  free  from  Br",  by  extraction  and 
excess  of  OH"  neutralised  by  acidifying  the  solution.  The  resulting  solution  is  sufficient  to 
react  with  2  g  of  impure  CaC  204  (M  =  128  g/mol)  sample.  The  %  purity  of  oxalate  sample  is: 

(a)  85.3%  (b)  12.5% 

(c)  90%  (d)  64% 

28.  0.10  g  of  a  sample  containing  CuC03  and  some  inert  impurity  was  dissolved  in  dilute 
sulphuric  acid  and  volume  made  up  to  50  mL.  This  solution  was  added  into  50  mL  of  0.04  M  K1 
solution  where  copper  precipitates  as  Cul  and  I"  is  oxidized  into  I3 .  A  10  mL  portion  of  this 

.  solution  is  taken  for  analysis,  filtered  and  made  up  free  I3  and -then  treated  with  excess  of 
acidic  permanganate  solution.  Liberated  iodine  required  20  mL  of  2.5  mM  sodium 
thiosulphate  solution  to  reach  the  end  point. 

Determine  weight  percentage  of  CuC03  in  the  original  sample. 

(a)  7.41  (b)  74.1 

(c)  61.75  (d)  None  of  these 

29.  1  mole  of  equimolar  mixture  of  ferric  oxalate  and  ferrous  oxalate  will  require  x  mole  of 
KMn04  in  acidic  medium  for  complete  oxidation,  x  is: 

(a)  0.5  mole  (b)  0.9  mole 

(c)  1.2  mole  (d)  4.5  mole 

30.  An  impure  sample  of  sodium  oxalate  (Na2C204)  weighing  0.20  g  is  dissolved  in  aqueous 
solution  of  H2S04  and  solution  is  titrated  at  70°C,  requiring  45  mL  of  0.02  M  KMn04 
solution.  The  end  point  is  overrun,  and  back  titration  in  carried  out  with  10  mL  of  0.1  M  oxalic 
acid  solution.  Find  the  %  purity  of  Na2C204  in  sample: 

(a)  75  (b)  83.75 

(c)  90.25  (d)  None  of  these 


31.  0.5  g  mixture  of  K2Cr207  and  KMn04  was  treated  with  excess  of  K3  in  acidic  medium.  Iodine 
liberated  required  150  cm3  of  0.10  N  solution  of  thiosulphate  solution  for  titration. 

Find  the  percentage  of  K,Cr,07  in  the  mixture: 

(a)  14.64  (b)  34.2 

(c)  65.69  (d)  50 

32.  A  150  mL  of  solution  of  I2  is  divided  into  two  unequal  parts.  I  part  reacts  with  hypo  solution  in 
acidic  medium.  15  mL  of  0.4  M  hypo  was  consumed.  II  part  was  added  with  100  mL  of  0.3  M 
NaOH  solution.  Residual  base  required  10  mL  of  0.3  M  H2S04  solution  for  complete 
neutralization.  What  was  the  initial  concentration  of  I2  ? 

(a)  0.08  M  (b)  0.1  M 

(c)  0.2  M  (d)  None  of  these 

33.  A  mixture  of  H2S04  and  H2C204  (oxalic  acid)  and  some  inert  impurity  weighing  3.185  g  was 
dissolved  in  water  and  the  solution  made  up  to  1  litre,  10  mL  of  this  solution  required  3  mL  of 
0.1  N  NaOH  for  complete  neutralization.  In  another  experiment  100  mL  of  the  same  solution 
in  hot  condition  required  4  mL  of  0.02  M  KMn04  solution  for  complete  reaction.  The  wt.  %  of 
H2S04  in  the  mixture  was: 

(a)  40  (b)  50 

(c.)  60  (d)  80 

34.  During  developing  of  an  exposed  camera  film,  one  step  involves  in  the  following  reaction  : 


OH  +  2AgBr  +  20H ' 


O  +  2Ag  +  2H20  +  2Br 


(Quinol) 


Which  of  the  following  best  describes  the  role  of  quinol  ? 

(a)  It  acts  as  an  acid  (b)  It  acts  as  reducing  agent 

(c)  It  acts  as  oxidant  (d)  It  acts  as  a  base 

35.  The  concentration  of  oxalic  acid  is  ‘  x’  mol  litre-1 .  40  mL  of  this  solution  reacts  with  16  mL  of 
0.05  M  acidified  KMn04.  What  is  the  pH  of  ‘  x'  M  oxalic  acid  solution  ?  (Assume  that  oxalic 
acid  dissociates  completely.) 

(a)  1.3 
(c)  1 


(b)  1.699 
(d)  2 
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PASSAGE  1 

Oleum  is  considered  as  a  solution  of  S03  in  H2S04,  which  is  obtained  by  passing  S03  in 
solution  of  H2S04 .  When  100  g  sample  of  oleum  is  diluted  with  desired  weight  of  H20  then 
the  total  mass  of  H2S04  obtained  after  dilution  is  known  as  %  labelling  in  oleum. 

For  example,  a  oleum  bottle  labelled  as  ‘109%  H2S04’  means  the  109  g  total  mass  of  pure. 
H2S04  will  be  formed  when  100  g  of  oleum  is  diluted  by  9  g  of  HzO  which  combines  with  all 
the  free  S03  present  in  oleum  to  form  H2S04  as  S03  +  H20  - ►  H2S04.  | 

1.  What  is  the  %  of  free  S03  in  an  oleum  that  is  labelled  as  ‘104.5%  H2S04’  ? 

(a)  10  (b)  20  (c)  40  (d)  None  of  these 

2.  9.0  g  water  is  added  into  oleum  sample  labelled  as  “112%”  H2S04  then  the  amount  of  free 
S03  remaining  in  the  solution  is  :  (STP  =  1  atm  and  273  K) 

(a)  14.93  L  at  STP  (b)  7.46  L  at  STP  (c)  3.73  L  at  STP  (d)  11.2  L  at  STP 

3.  If  excess  water  is  added  into  a  bottle  sample  labelled  as  “112%  H2S04”  and  is  reacted  with  5.3 
g  Na2C03,  then  find  the  volume  ofC02  evolved  at  1  atm  pressure  and  300  K  temperature  after 
the  completion  of  the  reaction  : 

(a)  2.46  L  (b)  24.6  L  (c)  1.23  L  (d)  12.3  L 

4.  1  g  of  oleum  sample  is  diluted  with  water.  The  solution  required  54  mL  of  0.4  N  NaOH  for 
complete  neutralization.  The  %  of  free  S03  in  the  sample  is  : 

(a)  74  (b)  26  (c)  20  (d)  None  of  these 

PASSAGE  2 

The  strength  of  H202  is  expressed  in  several  ways  like  molarity,  normality,  %  (w/V),  volume 
strength,  etc.  The  strength  of  “10  V”  means  1  volume  of  H202  on  decomposition  gives  10 
volumes  of  oxygen  at  1  atm  and  273  K  or  1  litre  of  H202  gives  10  litre  of  02  at  1  atm  and  273  K 
The  decomposition  of  H202  is  shown  as  under  :  i 

H202(aq)  - >  H2O(0  +  \  02(g)  j 

H202  can  acts  as  oxidising  as  well  as  reducing  agent,  as  oxidizing  agent  H202  converted 
into  H20  and  as  reducing  agent  H202  converted  into  02,  both  cases  it’s  n-factor  is  2. 

Normality  of  H202  solution  =  2  x  Molarity  of  H202  solution 

1.  What  is  the  molarity  of  “11.2  V”  of  H202? 

.  V  (a)  1M  (b)  2M  (c)  5.6  Af  (d)  11.2  M 

2.  What  is  the  percentage  strength  (%  w/V)  of  “11.2  V”  H202? 

(a)  1.7  (b)  3.4  (c)  34 


(d)  None  of  these 


3.  20  mL  of  H202  solution  is  reacted  with  80  mL  of  0.05  M  KMn04  in  acidic  medium  then  what 
is  the  volume  strength  of  H202? 

(a)  2.8  (b)  5.6  (c)  11.2  (d)  None  of  these 

4*  40  g  Ba(Mn04  )2  (mol.  wt.  =  375).  sample  containing  someunert  impurities  in  acidic  medium 
is  completely  reacted  with  125  mL  of  “33.6  V”  of  H202.  What  is  the  percentage  purity  of  the 
sample? 

(a)  28.12%  (b)  70.31%  (c)  85%  (d)  None  of  these 

PASSAGE  3 j 

A  water  is  said  to  be  a  soft  water  if  it  produces  sufficient  foam  with  the  soap  and  water  that 
does  not  produce  foam  with  soap  is  known  as  hard  water.  Hardness  has  been  classified  into 
two  types  (i)  Temporary  hardness  (ii)  Permanent  hardness. 

Temporary  hardness  is  due  to  presence  of  calcium  and  magnesium  bicarbonate.  It  is  simply 
removed  by  boiling  as 

Ca(HC03)2  CaC03i  +  C02  t +  H20 

Mg(HC03)2  -^4  MgC03  i  +  C02  t  +  H20 
Temporary  hardness  can  also  be  removed  by  addition  of  slaked  lime,  Ca(OH)2 
Ca(HC03)2 +Ca(OH)2  - ►  2CaC03  4-  +  2H20 

Permanent  hardness  is  due  to  presence  of  sulphate  and  chlorides  of  Ca,  Mg,  etc.  It  is 
removed  by  washing  soda  as  | 

CaCl2  +  Na2C03  - >  CaC03  4-  +  2NaCl 

CaS04  +  Na2C03  - ►  CaC03  4  +  Na2S04 

Permanent  hardness  also  removed  by  ion  exchange  resin  process  as 

2RH  +  Ca2+  - >  R2Ca  +  2H+ 

2ROH  +  SOf  - >  R2 S04  +  20H" 

The  degree  of  hardness  of  water  is  measured  in  terms  of  ppm  of  CaC03. 100  ppm  means  100  g 
of  CaC03  is  present  in  106  g  of  H20.  If  any  water  contain  120  ppm  of  MgS04,  its  hardness  in 
terms  ofCaC03  =100  ppm. 

1.  One  litre  of  a  sample  of  hard  water  (d  =  1  g/mL)  contains  136  mg  of  CaS04  and  190  mg  of 
MgCl2.  What  is  the  total  hardness  of  water  in  terms  of  CaC03? 

(a)  100  ppm  (b)  200  ppm  (c)  300  ppm  (d)  None  of  these 

2.  What  is  the  weight  of  Ca(OH)2  required  for  10  litre  of  water  remove  temporary  hardness  of 
100  ppm  due  to  Ca(HC03)2? 

(a)  1.62  g  (b)  0.74  g  (c)  7.4  g  (d)  None  of  these  . 

3.  A  200  g  sample  of  hard  water  is  passed  through  the  column  of  cation  exchange  resin,  in  which 
H+  is  exchanged  by  Ca2+.  The  outlet  water  of  column  required  50  mL  of  0.1  M  NaOH  for 
complete  neutralization.  What  is  the  hardness  of  Ca2+  ion  in  ppm? 

(a)  250  ppm  (b)  500  ppm  (c)  750  ppm 


(d)  1000  ppm 


1 PASSH6E  4Jggg 

Equivalent  weight  =  weight /Atomic  weigjn 

n-factor 

n-factor  is  very  important  in  redox  as  well  as  non-redox  reactions.  With  the  help  of  n-factor 
we  can  predicts  the  molar  ratio  of  the  reactant  species  taking  part  in  reactions.  The 
reciprocal  of  n- factor’s  ratio  of  the  reactants  is  the  molar  ratio  of  the  reactants. 

In  general  n-facfor  of  acid/base  is  number  of  moles  of  H+/OH'  furnished  per  mole  of 

acid/base.  n-factor  of  a  reactant  is  no.  of  moles  of  electrons  lost  or  gained  per  mole  of 

reactant. 

Example  1  : 

1.  In  acidic  medium  :  KMn04  (n  =  5)  - — ►  Mn2t 

2.  In  neutral  medium  :  KMn04  (n  =  3)  - >  Mn2+ 

3.  In  basic  medium  :  KMn04  (n  =1)  - »  Mn6* 

Example  2  :  FeC20<l  - >  Few  +  2C02 

Total  no.  of  moles  of  e"  lost  by  1  mole  of  FeC204 

=  1  +  1x2  =>  3 


1.  n-factor  of  Ba(Mn04)2  in  acidic  medium  is  : 

(a)  2  (b)  6  (c)  10  (d)  None  of  these 

2.  For  the  reaction, 

H3P02  +  NaOH  - ►  NaH2P02  +  H20 

What  is  the  equivalent  weight  of  H3P02?  (mol.  wt.  is  M) 

(a)  M  (b)  M/2  (c)  M/3  (d)  None  of  these 

3.  For  the  reaction,  Fe095  O  (molar  mass  :  M) - >  Fe203.  What  is  the  eq.  wt.  of  Fe095  O  ? 

'MZSs  <b)55i  <C)  0^75  .  <«  Note  of  these 

4.  In  the  reaction,  xVO  +  yFe203  - >  FeO  +  V205.  What  is  the  value  of  x  and y  respectively? 

(a)  1.1  (b)  2,  3  (c)  3,  2  (d)  None  of  these 

PJISSA6E  5JB 
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Consider  the  following  series  of  reactions  : 

Cl2  +  2NaOH - >  NaCl  +  NaCIO  +  H20 

3NaClO - )•  2NaCl  +  NaCIO  3 

4NaC103 - >  3NaC104  +  NaCl 


1.  How  much  Cl2  is  required  to  prepare  122.5  g  of  NaC104  by  above  sequencial  reactions  ? 
(a)  284  g  (b)  213  g  (c)  142  g  (d)  71  g 


2.  How  many  mole  of  total  NaCl  formed  by  using  1  mole  Cl2  &  other  reagents  in  excess  ? 

(a)  —  mole  (b)  1.67  mole  (c)  1.75  mole  (d)  0.75  mole 

12 

3.  How  many  mole  of  NaC103  obtained  after  the  complection  of  reaction  by  taking  1  mole  Cl2  & 
other  reagents  in  excess  ? 

(a)  -  mole  (b)  Zero  (c)  -  mole  (d)  1  mole 

3  4 


ONE  OR  MORE  ANSWERS  IS/ARE  CORRECT 


1.  1  g  atom  of  nitrogen  represents  : 

(a)  6.02  x  1023  N2  molecules  (b)  22.4  litre  of  N2  at  1  atm  and  273  K 

(c)  11.2  litre  of  N2  at  1  atm  and  273  K  (d)  14  g  of  nitrogen 

2.  1  g  molecule  of  V2Os  contains  : 

(a)  5  mole  of  oxygen  atom  (b)  2  mole  of  V  atom 

(c)  1  mole  of  oxygen  atom  (d)  2.5  mole  of  oxygen  atom 

3.  Select  dimensionless  quantity(ies)  : 

(a)  vapour  density  (b)  molality  (c)  specific  gravity  (d)  mass  fraction 

4.  Which  of  the  following  concentration  terms  is  affected  by  a  change  in  temperature? 

(a)  Molarity  (b)  Molality  (c)  Normality  (d)  Specific  gravity 

5.  Which  of  the  following  statements  regarding  the  compound  AxBy  is/are  correct? 

(a)  1  mole  of  AxBy  contains  1  mole  of  A  and  1  mole  B 

(b)  1  equivalent  of  AxBy  contains  1  equivalent  of  A  and  1  equivalent  of  B 

(c)  1  mole  of  AxBy  contains  x  moles  of  A  and  y  moles  of  B 

(d)  equivalent  weight  of  AxBy  =  equivalent  weight  of  A  +  equivalent  weight  of  B 

6.  1  mole  of  Ba(OH)2  will  exactly  neutralize  : 

(a)  0.5  mole  HCI  (b)  1  mole  of  H2S04  (c)  1  mole  ofH3P03  (d)  2  mole  of  H3P02 

7.  The  pair  of  species  having  different  percentage  (mass)  of  carbon  is  : 

(a)  CH3COOH  and  C6H1206  (b)  CH3COOH  and  C2HsOH 

(c)  HCOOCH3  and  HCOOH  (d)  C2H5OH  and  CH3OCH3 

8.  30  mL  of  CH3OH (d  =  0.8 g/cm3)  is  mixed  with  60  mL  of C2H5OH  ( d  =  0.92  g/cm3)  at  25°C 
to  form  a  solution  of  density  0.88  g/cm3.  Select  the  correct  option  : 

(a)  Molarity  and  molality  of  resulting  solution  are  6.33  and  l3.59  respectively 

(b)  The  mole  fraction  of  solute  and  molality  are  0.385  and  13.59  respectively 

(c)  Molarity  and  %  change  in  volume  are  13.59  and  zero  respectively 

(d)  Mole  fraction  of  solvent  and  molality  are  0.615  and  13.59  respectively 

9.  Which  of  the  following  is/are  correct  for  17  g/L  of  H202  solution? 

(a)  Volume  strengths  is  5.6  at  273  K  and  1  atm 

(b)  Molarity  of  solution  is  0.5  M 

(c)  1  mL  of  this  solution  gives  2.8  mL  02  at  273  K  and  2  atm 

(d)  The  normality  of  solution  is  2  M 


38' 


PROBLEMS  IN  CHEMISTRY 


10*  Solutions  containing  23  g  HCOOH  is/are  : 

(a)  46  g  of  70%  fe J  HCOOH  (dsolution  =  1 .40  g/mL) 

.  (b)  50  g  of  10  M  HCOOH  (dsolution  =  1  g/mL) 

Ccj  50  g  of  25%  j  HCOOH 

(d)  46  g  of  5  M  HCOOH  (dsolution  =  1  g/mL) 

11.  A  sample  of  H202  solution  labelled  as  “28  volume”  has  density  of  265  g/L.  Mark  the  correct 
option(s)  representing  concentration  of  same  solution  in  other  units  : 

(a)  Mh2o2  =2.5  (b)%^=17 

(c)  Mole  fraction  of  H202  =  0.2  (d)  mH2o2  =  13.88 

12.  A  mixture  of  100  mL  of  CO,  C02  and  02  was  sparked.  When  the  resulting  gaseous  mixture  was 
passed  through  KOH  solution,  contraction  in  volume  was  found  to  be  80  mL,  the  composition 
of  initial  mixture  may  be  (in  the  same  order)  : 

(a)  30  mL,  60  mL,  10  mL  (b)  30  mL,  50  mL,  20  mL 

(c)  50  mL,  30  mL,  20  mL  (d)  20  mL,  70  mL,  10  mL 

13.  If  1  mole  of  H3P04  is  reacted  with  1  mole  of  X(OH)2  as: 

H3P04  +  X(OH)2  - *  ^HP04  +  2HzO  then  : 

(a)  The  equivalent  weight  of  base  is  — ?-■  — t' 

2 

go 

(b)  The  eq.  wt.  of  H3P04  is  — 

3 

(c)  The  resulting  solution  is  required  1  mole  NaOH  for  complete  neutralization 

(d)  Minimum  1  mole  of  X(OH)2  is  required  for  complete  neutralization  of  XHP04 

14.  Dichromate  ion  in  acidic  medium  oxidizes  stannous  ion  as: 

xSn2+  +  yCr202-  +  zH+  - >  aSn4+  +bCr3+  +  cH20 


(a)  the  value  of  x  :  y  is  1  :  3  (b)  the  value  of  x  +  y  +  z  is  18 

(c)  a  :  b  is  3  :  2  (d)  the  value  of  z  -  c  is  7 

15.  When  a  equimolar  mixture  of  Cu2S  and  CuS  is  titrated  with  Ba(Mn04  )2  in  acidic  medium,  the 
final  product’s  contains  Cu2+,  S02  and  Mn2+ .  If  the  mol.  wt.  of  Cu2S,  CuS  and  Ba(Mn04  )2  are 
Mj,  M2  and  M3  respectively  then  : 

(a)  eq.  wt.  of  Cu2S  is 

8 

(b)  eq.  wt.  of  CuS  is  —■ 

(c)  eq.  wt.  of  Ba(Mn04)2  is 

(d)  Cu2S  and  CuS  both  have  same  equivalents  in  mixture 
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I  STOICHIOMETRY! 


16.  Which  is/are  INCORRECT  statement  ? 

(a)  Equivalent  weight  of  H2P03  is  40.5. 

(b)  Eq.  wt.  of  H2PO4  may  be  equal  to  molar  mass  or  less  than  molar  mass  depend  on  reaction. 

(c)  KMn04  has  maximum  eq.  wt.  in  acidic  medium. 

(d)  Oxidation  state  of  H  in  MgH2  is  greater  than  in  H202. 


MATCH  THE  COLUMN 


Column-I  and  Column-n  contains  four  entries  each.  Entries  of  Column-I  are  to  be  matched 
with  some  entries  of  Column-II.  One  or  more  than  one  entries  of  Column-I  may  have  the 
matching  with  the  same  entries  of  Column-II. 


j  Column-I 

(A)  0.5  mole  of  S02(g) 

(B)  1  g  of  H2(g) 

(C)  0.5  mole  of03(g) 

(D)  1  g  molecule  of02(g) 


Column-II 

j 

(P)  Occupy  11.2  L  at  1  atm  and  273  K 

(Q)  Weighs  24  g 

(R)  Total  no.  of  atoms  =  1.5  x  N  A 

(S)  Weighs  32  g 


Column-I 


(A)  44  g  CO  2  gas 
,  (B)  35.2  g  of  CH^ 
(C)  48  g  of  03  gas 
1  (D)  44  g  of  N  20  gas 


Column-n 

(pi  lg  molecule 

CQ-)  Na  molecule 

CP'j  22  N  A  electrons 

(g-,  49.28  L  at  1  atm  and  273  K 

(T)  Na  atoms  of  oxygen 


3.  Column-I 

[Atomic  masses  (Af)] 


Isotope-IJ 

Isotope-II 

Average 

(A)  (2-I) 

(2  +  3) 

z 

(B)  (2  +  1) 

(2  +  3) 

(2  +  2) 

(C)  2 

32 

2z 

(D)  (2-1) 

(2  + 1) 

2 

Column-n 

(%  composition  of  heavier  isotope) 

(P)  25%  by  moles 

(Q)  50%  by  moles 

(R)  %  by  mass  dependent  on  2 

(S)  75%  by  mass 


w 

4.  Column-I 

r(A)  When  Bi2S3  converted  into  Bi5*  and  S 

(B)  When  Al2(Cr207  )3  reduced  into  Cr3+ 
in  acidic  medium 

(C)  When  FeS2  converted  into  Fe203  and 
S02 

(D)  When  Mn(N03)2  converted  into 
MnO2"  and  NO 

5.  [','vk.  l-V,  j;-.  •  Column-I 

,.x  „  _  Molecular  weight 

(A)  Eq.  wt.  = - — - - — 
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[  PROBLEMS)  N  THEMIS.TRY 


Column-n 

(P)  18 

(Q)  11 

00  2 

(S)  10 

Column-n 

(P)  When  Crl3  oxidises  into  Cr2Of"  and  10  4 


rD-,  «  _  Molecular  weight 

(B)  Eq.  wt.  = - — 

27 

(Q)  When  Fe(SCN)2  oxidises  into  Fe3+, 
S04",CO|"  and  N03 

_  Molecular  weight 
*.  (C)  Eq.  wt.  = - 5 — 

i  28 

(R)  When  NH4SCN  oxidizes  into  SO2", 
CO|"  and  NO^ 

|(D)  Eq.^..  Molecular  weight 

24 

(S)  When  As2S3  oxidises  into  As03  and 
SO^“ 

6.  '*  *  '  ■  Column-I . 

Column-II 

1 

j  (A)  P2H4  — PH3  +  P4H2 

(P)  E  =  — 

4 

(b)  i2  — >  r  +  io  3 

(Q) 

■  (C)  Mn04  +  Mn2++  H20 

- ►  Mn  304  +  H+ 

CR) 

26  . 

(D)  H3P02  - >  PH3  +  H3P03 

(S)  E=  — 

6 

7.  A  sample  of  raw  material  contain  NaN03  also  contains  NaI03.  The  NaI03  can  be  used  as  a 
source  of  iodine,  produced  in  the  following  reactions: 

103  +  HS03  - »I"+SOf  ...(1) 

I  + 10  3  )  12  +  H20  ...(2) 

One  litre  of  sample  solution  containing  396  g  of  NalOa  is  treated  with  stoichiometric  quantity 
of  NaHS03.  Now  a  substantial  amount  of  same  solution  is  added  to  reaction  mixture  to  bring 
about  the  reaction  (2). 


mmoMETR1 
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Column-I 

(A)  n-factor  of  IO3  in  reaction  (2) 

(B)  Number  of  moles  of  HSO3  used  in 
reaction  (1) 

(C)  Moles  of  I2  produced 

(D)  Equivalents  of  I03  used  in  reaction  (2) 

8.  Column-I 

(A)  Br2  +OH~ - +  B1O3  +  Br“ 

(B)  FeCl2  4  KMn04  4-  HC1 - >  MnCl2 

4- Fed  2 

CO  Agp - ►  Ag  +  lo.j 

(D)  NH4N03 - »N02+H20 


(P)  6 

(Q)  1.2 

(R)  2 

(S)  5 

|  Column-O  (Type  of  Redox  Reaction) 

(P)  Intermolecular 

(Q)  Interaraolecular 

(R)  Disproportion 

(S)  Comproportion 


_  ASSERTION-REASON  TYPE  QUESTIONS 

Each  question  contains  STATEMENT-1  (Assertion)  and  STATEMENT-2  (Reason). 

Examine  the  statements  carefully  and  mark  the  correct  answer  according  to  the  instructions 
given  below 

(A)  If  both  the  statement  are  TRUE  and  STATEMENT-2  is  the  correct  explanation  of 
STATEMENT-1 

(B)  If  both  the  statement  are  TRUE  but  STATEMENT-2  is  NOT  the  correct  explanation  of 
STATEMENT-1 

(C)  If  STATEMENT-1  is  TRUE  and  STATEMENT-2  is  FALSE 

(D)  If  STATEMENT-1  is  FALSE  and  STATEMENT-2  is  TRUE 

1.  STATEMENT-1  :  Specific  gravity  is  dimensionless. 

STATEMENT-2  :  Specific  gravity  is  density  of  a  substance  measured  w.r.t.  density  of  water 
at  4°C. 

2.  STATEMENT-1  :  Molarity  of  pure  water  is  55.55  M  at  298  K. 

STATEMENT-2  :  Molarity  is  temperature  dependent. 

3.  STATEMENT-1  :  Gram  molecular  weight  of  02  is  32. 

STATEMENT-2  t  Relative  atomic  weight  of  oxygen  is  32  a.m.u. 

4.  STATEMENT-1  :  The  oxidation  state  of  S  in  H2S2Og  is  6. 

STATEMENT-2  :  Max.  oxidation  state  of  S  is  6  because  the  max.  oxidation  state  of  an 
element  is  it’s  no.  of  valence  electron. 

5.  STATEMENT-1  :  0.1  M  H3P03(aq)  solution  has  normality  equal  to  0.3  N  when  completely 

reacted  with  NaOH. 

STATEMENT-2  :  H3P03  is  a  dibasic  acid. 


6.  STATEMENT- 1 
STATEMENT-2 

7.  STATEMENT- 1 
STATEMENT-2 

8.  STATEMENT- 1 


STATEMENT-2 
9.  STATEMENT-1 


Mn02  can  act  as  an  oxidizing  agent  as  well  as  reducing  agent. 
Oxidation  state  of  Mn  lies  between  highest  and  lowest  oxidation  state. 
Equivalent  volume  of  H2  is  11.2  L  at  1  atm  and  273  K. 

1/2  mole  H2  has  produced  when  1  mole  of  H+  (aq)  accepted  1  mole  of  e" . 

For  the  reaction,  Na2C03  +  HCl  - »  NaCl  +  NaHC03,  the  suitable 

indicator  is  phenolphthalein. 

Phenolphthalein  provide  it’s  colour  in  acidic  medium. 

[Fe(CN)6]4"  - »  Fe^  +  C02  +  NOj,  the  equivalent  weight  of  reactant 

is  3.74. 

. . .  Mol.  wt. 


STATEMENT-2  :  Equivalent  weight  of  reactant  =  ■ 


10.  STATEMENT-1 


STATEMENT-2  : 

11.  STATEMENT-1  : 

STATEMENT-2  : 

12.  STATEMENT-1  : 
STATEMENT-2  : 


13.  STATEMENT-1 
STATEMENT-2 

14.  STATEMENT-1 
STATEMENT-2 

15.  STATEMENT-1 
STATEMENT-2 


In  the  balanced  redox  reaction, 

xAs2S3  +  yN03  +  4H20  - >  oAsO^+  bNO  +  cSO*'  +  8H+ 

the  n-factor  of  As^  and  N03  is  28  and  3  respectively. 

Molar  ratio  is  reciprocal  of  n-factor’s  ratio  so  x  :  y  is  3  :  28. 

NaOH  +  H3P04 - >  NaH2P04  +  H20  in  given  reaction  equivalent 

weight  of  H3P04  is  M/3 
H3P04  is  tribasic  acid. 

In  CrOs  oxidation  number  of  Cr  is  +6. 

CrOs  has  butterfly  structure  in  which  peroxide  bonds  are  present. 

t'k 

o  o 

l2  -¥  I03  +  P.  This  reaction  is  a  disproportionation  reaction. 

Oxidation  number  of  I  can  vary  from  -1  to  +7. 

Fluorine  exists  only  in  -1  oxidation  state. 

Fluorine  has  2s22ps  configuration. 

H2S04  can  not  act  as  reducing  agent. 

Sulphur  can  not  increase  its  oxidation  number  beyond  +6. 


(^SUBJECTIVE  PROBLEMS 

-1.  What  volume  of  a  liquid  (in  L)  will  contain  10  mole  ?  If  molar  mass  of  liquid  is  280  and  its 
density  is  L4g/mL. 

2.  16  g  of  SO*  gas  occupies  5.6L  at  1  atm  and  273 K.  What  will  be  the  value  of  x  ? 

3.  200mLof  1 M  HCl  is  mixed  with  300mLof  6Af  HCl  and  the  final  solution  is  diluted  to  1000  mL 

Calculate  molar  concentration  of  [H+]  ion.  N 

4.  N2(g)  reacts  with  H2(g)  in  either  of  the  following  ways  depending  upon  supply  of  H2(g)  : 

•"  N2(g)  +  H2(g) - >N2H2(D 


5. 


6. 


7. 


8. 


9. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


N2(g)  +  2H2(g) - >N2H4(g) 

If  5  L  N  2  (g) and  3LH2(g)  are  taken  initially  (at  same  temperature  and  pressure) .  Calculate  the 
contraction  in  volume  after  the  reaction  (in  L). 

One  commercial  system  removes  S02  emission  from  smoke  at  95°C  by  the  following  set  of 
reaction  : 

S02(g)  +  Cl2(g) - >  S02Cl2(g) 

S02Cl2(g)  +  H2O(0 - >H2S04  +HC1 

H2S04  +Ca(OH)2 - >  CaS04  +H20 

How  many  grams  of  CaS04  may  be  produced  from  3.78g  of  S02  ? 

W  is  the  weight  of  iron  (in  g)  which  will  be  converted  into  Fe304  by  the  action  of  18  g  of 
steam  on  it.  What  is  the  value  of  W/7  ? 

[Fe+  H20 - >  Fe304  +  H2] 

Calculate  the  total  mole  of  atoms  of  each  element  present  in  122.5  g  of  KC103. 

On  dissolving  2.0  g  of  metal  in  sulphuric  acid,  4.51  g  of  the  metal  sulphate  was  formed.  The 
specific  heat  of  the  metal  is  0.057  cal  g_1  °C_1.  What  is  the  valency  of  the  metal  ? 

One  gram  of  a  metallic  chloride  was  found  to  contain  0.835  g  of  chlorine.  Its  vapour  density 
metallic  chloride  is  85.5.  If  its  molecular  formula  is  M  xCly .  then  what  is  value  of  (x  +  y)  ? 
0.7875  g  of  crystalline  barium  hydroxide  is  dissolved  in  water.  For  the  neutralization  of  this 
solution.  20  mL  of  JV/4  HN03  is  required.  How  many  mole  of  water  are  present  in  one  mole  of 
this  base  ?  (Given  :  Atomic  mass  Ba  =  137,  O  =  16,  N  =  14,  H  =  1) 

2.0g  of  polybasic  organic  acid  (Molecular  wt.  =  600)  required  100 mL  of  a  —  NaOH  solution 

6 

for  complete  neutralisation.  Find  the  basicity  of  acid. 

A  mixture  contains  LOmoleeach  of  NaOH,  Na2C03  and  NaHC03.  When  half  of  mixture  is 
titrated  with  HCl,  it  required  x  mole  of  HC1  in  presence  of  phenolphthalein.  In  another 
experiment,  half  of  mixture  required  y  mole  of  same  HCl  in  presence  of  methyl  orange.  Find 
the  value  of  (x  +  y ). 

When  Br03  ion  reacts  with  Br”  ion  in  acidic  medium,  Br2  is  liberated.  Calculate  the  ratio  of 
molecular  weight  and  equivalent  weight  of  KBr03. 

A  volume  of  12.5mL  of  0.05M  Se02  reacts  with  25 mL  of  0.1M  CrS04  which  is  oxidised  to 
Cr3+.  To  what  oxidation  state  was  the  selenium  converted  by  the  reaction  ? 

A  0.276g  impure  sample  of  copper  ore  is  dissolved  and  Cu2+  is  titrated  with  KI  solution.  I2 

liberated  required  40mLof  0.1M  Na2S203  solution  for  titration.  What  is  the  %  of  impurities  in 
the  ore  ? 

A  sample  of  28 mL  of  H202  (aq)  solution  required  lOmL  of  0.1  M  KMn04  (aq)  solution  for 
complete  reaction  in  acidic  medium.  What  is  the  volume  strength  of  H202  ? 

In  the  redox  reaction, 

xN03  +  y  As2S3  +zH20 - >---  As04“  +---NO +---S02-  +  ---H+. 

X 

What  is  the  value  of  —  ? 

z 

On  heating  0.220  g  of  a  metallic  oxide  in  presence  of  hydrogen,  0.045  g  of  water  is  formed.  If 
the  equivalent  weight  of  the  metal  is  E,  then  what  is  the  value  of  E/9? 


J9.  10  g  mixture  of  K2Cr207  and  KMn04  was  treated  with  excess  of  KI  in  acidic  medium.  Iodine 
«  liberated  required  100  cm3  of  2.2  N  sodium  thiosulphate  solution  for  titration.  If  the  mass 

‘  ..  percent  of  KMn04  in  the  mixture  Z,  then  what  is  the  value  of  22/5  ? 

20.  In  an  ore  the  only  oxidisable  material  is  Sn2+.  This  ore  is  titrated  with  a  dichromate  solution 
l  containing  2.5  g  K2Cr207  in  0.50  litre.  A  0.40  g  of  sample  of  the  ore  required  10.0  cm3  of  the 

'  titrant  to  reach  equivalent  point.  If  the  percentage  of  tin  in  ore  is  x,  then  what  is  the  value  of 

:  x/17  ?  (K  =  39.1,  Cr  =  52,  Sn  =  118.7) 
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One  or  More  Answers  is/are  correct 

1.  (c,d)  2.  (a,b)  3.  <a,c,d)  4.  (a,c,d) 

9.  (a,b,c)  10.  (a,b)  11.  (a,c,d)  12.  (a,b) 


Match  the  Column 


1*  A — >  P,  R,  S; 

B— ►  P; 

C— y  P,  Q,  R; 

2.  A->  P,Q,R; 

B  —¥  R,  S  ; 

C-y  P,  Q; 

3*  A — >  P,  R| 

B->  Q,  R; 

C— y  Q,S; 

4.  A— >  S; 

B— >  P; 

C-y  Q; 

5.  A->  Q; 

B->  P; 

C-y  S; 

6,  A->  S; 

B->  Q; 

C->  R; 

7*  A — > 

B->  P; 

Q; 

8.  A->  P,  R; 

B->  P; 

C-y  Q; 

Assertion-Reason  Type  Questions 

1.  (A)  2.  (B)  3.  <C)  4.  (A)  5.  (D) 

11.  (0)  12.  (A)  13.  (B)  14.  (B)  16.  (A) 

Subjective  Problems 
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D — >  S 
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D-»  R 
D-»  Q,  S 
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Hints  and  Solutions 


Level  1 

7.  (c)  No.  of  moles  of  H20  (0  “ 


54 

18 


(d  =  1 .0  g/mL  for  H20) 

H  has  no  neutron 

/.  no.  of  neutrons  in  H20  =3x8  xNA 

16.  (d)  Atomic  weight  of  an  element 

x  =  6.643  xlCT23  A  =  40 

r  r  20x1000  _ 

no.  of  moles  ofx  = - =  500 

40 

20.  (a)  (I)  0.5  mole  03  =  24  g  03  ; 

(II)  0.5  g  atom  of  oxygen  =  8  g 

,tm  3.011  xlO23  ^  ^ 

(III)  - ^  x32  =  16g02 

6.022  xlO23  6  2 


(IV) 


5.6 


x  44gC02  =llgC02 


22.4 

22.  (c)  No.  of  protons  in  6C14  =  6; 

No.  of  neutrons  in  6C14  =  8; 

As  per  given  new  atomic  mass  of 
6C14  =12+ 4  =  16 

(As  the  mass  of  e~  is  negligible  as  compared 
to  neutron  and  proton) 

%  increase  in  mass  =  — — —  x  100  =  14.28 


14 


29.  (c)  d  = 


PM 
RT 

ln^ 

xM 
0.0821  x300 


(m 

l.15  =  iZ60j 


/.  M  =  29.09.  Let  mole  fraction  of  N2  is  x. 

29.09  =  28  xx+  32(1 -x^ 
x  =  0.7275 

mol.  wt.  of  No 


wt.  %  =  mole  %  x  - 


average  mol.  wt.  of  air 


=  72.75  x* 


28 

29.09 


=  70.02 


30.  (c)  No.  of  moles  of  C02  in  100  g  mixture 
66 

=  —  =  1.5 
44 

No.  of  moles  of  H2  in  100  g  mixture 


M 


overage  ’ 


100 

18.5 


=  5.40 


VD.  =  — =  2.7 
2 

31.  (b)  Let  1  mole  of  mixture  has  x  mole  N204 
2  x  27.6  =  x  (92)  +  (1  -  x)  46;  x  =  0.2 
33.  (a)  Let  mole  %  of  26Mg  be  x 

(21  -  x)  25  +'x  (26)  +  79  (24) 


100 

x  =  10% 

36.  (d)  Let  mole  fraction  of  02  is  x 

40  =  32  x  x  +  80  (1  -  x) 

or  x  =  5/  6 

a:b  =  x:(l-x)“  —  :  — 

6  6 


=  24.31 


When  ratio  is  changed 
M 


mbm,re  =  32xl  +  80x|  =  72 
o  o 


47.  (c)  Metal  oxide  =  2.74g; 
wt.  of  vanadium  =  1.53g 

%  of  V  =  *  100  =  55.83 

2.74 

Thus,  %  of  O  =  100  -  55.83  =  44.17 

No.  of  moles  of  V  =  — ■ — -  =  1.1 
52 

No.  of  moles  of  O  =  — — -  =  2.76 
16 

Simplest  ratio  of  V  andO  =  1:2.5  or  2  :5 
Hence,  the  empirical  formula  =  V2Os 

49.  (a)  NazC03  xH20  (s)  - ►  Na2C03(s) 

+  xH20(g). 


Let  100  g  of  Na2C03orH20  be  present 
100  x  moje  Qf  h20  formed; 


106+  18x 
63- ' 


lOOx 


(18) 


51.  (c)  %  of  O  = 

53* 


106  +  18* 

6678  +  1134*  -  1800* 
666jc  =  6678 
x  -10 
16x27 


(100+3x310) 

,  PM  dRT 

a  - - M  =  - 


(c) 


E.  F.  = 


RT  P 

85.7  t  14.3 
12  '  1 

u  56.15  „ 

where  n  = - -  4; 

12+2 

M.F.  is  C4H8 


x  100  =  41.94% 


2.28  x  0.0821  x  300 
1 


=  56.15  g/mol 


=  7.14 : 14.3  =  1:2;  E.E  is  CH2;  M.F.  =(CH2)n 


100. 


59.  (d)  100  g  compound  contain  43.8  oxygen;  1  g  oxygen  present  with  — gyg  adipic  acid 

100  ^ 

1 6  x  4  g  or  4  mole  oxygen  present  with  ^  ^  xl6x4-146g  compound 


43.8 


mol.  wt.  of  adipic  acid  is  146. 
60.  (c)  Mol.  wt.  of  XY2  =  ——  =  100 

^  a  nc 


0.05 


Mol.  wt.  ofX273  = 


85 


=  170 


3.011  x  10 

Let  molar  mass  of  X  and  Y  are  a  and  b  respectively 
a  +  26  =  100 
2a  +  36  =  170; 
a  =  40  ; 
b  =  30 

88 

61.  (c)  C02  =  —  =  2  mole  of  C02  =  2 mole  of  C 
44 

H20  —  —  -  2  mole  of  H20  =  4  mole  of  H 
2  18  2 

Mass  of  C  +  Mass  of  H  +  Mass  of  O  =  44 

24  +  4  +  x  =  44;  x  =  16 

.*.  mole  of  O  =  1  and  molecular  formula  is  C2H40. 


62.  (d) 


4.92 


xl  = 


40  xlO" 


x  0.0821  x  300; 


66. 


1000  M 

M  -  200;  Atomic  mass  of  X  =  100. 
(b)  Ti  +  O 


1.44 

48 


mole 


>  TiL440 
- mole 


48  (1.44)+ 16 


1.44  _  1.44x 

48  48(1.44)  +  16 


x  =  1-77  g 

69.  (c)  3Fe203(s)  — >  2Fe3044^02 

480  g  Fe203  provide  16  g02.  For  loss  of 

0.04 g02 - >  0.04  =  1.2gFe203 

16 

%  by  mass  of  Si02  =  x  100  =  40% 

2  2.0 

70.  (d)  Wt.  of  S8  in  sample  =  160  g; 

Moles  of  So  -  -^2-  =  0.625 
8  32  x  8 


No.  of  moles  of  02  required  =  0.625  x  8 
Vol.  of  02  required  at  STP  =  22.4  x  5 

..Vol.  of  air  required  at  STP  =  22.4  x  5  x  =  533.33  L 


Fe2(C03)3  4  6NaN03 


71.  (c)  2Fe(N03)3  4  3Na2C03 

mole  2.5  3.6 

mole/  stoichiometric  coefficient  1.25  1.2 

Limiting  reagent  is  Na2C03  so  moles  of  NaN03  should  be  formed  =  3.6  x  2  =  7.2 

6.3 


yield  =  —x  100  =  87.5 
7.2 


76.  (b)  Produced  mass  of  H3P04  = 
79.  (b)  C02  +  2NaOH  - 


62 


x  0.85  x  0.9  x  4  x  98  =  149.94  g 


4  x  31^ 

Na2C03  4  H20 

nNa0H  =  ^  CO 2  present  in  mixture  =0.5  and  Co  present  =  0.3  mole 
When  more  C02  produced  =  0.3,  more  NaOH  required  =  0.3  x  2  =  0.6  mole 


81.  (c)  No.  of  moles  of  Ba(OH)2  = 


20  x  342 


100x171 
=  0.4  mole 

or  moles  of  OH”  =  0.4  x  2 
No.  of  moles  of  HN03  =  1.2  x  2  =  2.4  mole 
Hence,  the  final  solution  is  acidic  due  to  presence  of  excess  H+ 
[H+]  =  (2.4-0-8)xl00°=a838M 


1200  4 


342 


82. 


0.57 

(d)  Total  moles  of  =0.1  mole 


Total  volume  = 


150  4  400  550 


1.25 


=  440 


M  =  —  x  1000  =  — 
440  4.4 


1.25 
=  0.227  M 


83.  (a)  Zn  4  2HC1 


ZnCl2  4  H2> 
2 

moles  of  HC1  required  =  4 


moles  of  H2  evolved 


Vx  1.2x0.365 


V  =  333.33  mL 


x  1.40  =  14 


(b)  C2H6  +  3.502  - >  2COz  4-  3H20; 

C2H4  +  302  - >  2C02  +  2H20 

Let  vol.  of  ethane  is  x, 

22.4  x  4  =  3.5*  +  3  (28  -  x) 

=>  x  =  11.2  litre 
at  constant  T  and  P,  V  oc  n; 

Mole  fraction  of  C2H5  in  mixture 

=  ^  =  0.4 
28 

,  mass  of  A12(S04)3  ^ 

(a) - m  x  106  =  34.2 

mass  of  water 

1  litre  solution  contains  1000  g  of  water 
=>  In  1  litre  solution,  mass  of  A19(SOaX 
34.2x1000 

= - 7^6 - 34-2  mg 


molarity  of  Al2(S04)3 


_  34.2  x  1Q- 
342 
=  10-4  M 


Al2(S04)3(aq)  - ►  2A13+  (aq)  +  3SO^(aq) 

10 2x10^  M  3-xlO-4  M 
[S04“]  =  3  x  10-4  M 

(b)  1000  mL  solution  contain  2  mole  of  ethanol 
or  1000  x  1.025  g  solution  contain  2  mole  of 
ethanol 

wt.  of  solvent  =  1000  x  1.025  -  2  x  46 

m=— - - - xl000 

1000x1.025-2x46 

m  =  —  x  1000  =  2.143 
933 

(a)  The  sample  of  H2S04  is  80%  by  volume 
a  WH2So4  -  800  g  in  1000  mL 
Volume  of  solution  -  1000  mL 
Weight  of  solution  =  1000,0  x  1.80 

=  1800  g 

Weight  of  water  =  1800  -  800  =  1000  g 
‘  800x1000  _  „ 


Molality  = 


98x1000 


-  8.16  mol  kg  1 


(b)  m-moles  of  HN03  required 

=  250x1.2=300 

100  g  solution  contains  63  g  HN03  or 

mL  solution  contain  1  mole  HNOo 
1.4  J 

molarity  of  HNO  3  solution 


a  14  x  V  =  300  or  V=  21.42  mL 
97,  (b)  50  mL  BaCl2  (aq)  solution  contain  10.4  g 
BaCl2 

10-4  „ 

^BaCl  'i  ~~ -  =  0.05 

2  137  +  71 

moles  of  H2S04  in  100  mL  (aq) 

9  8 

solution  =  — 1 —  -  0.1 


BaCl2  +  H2S04  - »  BaS04  +  2HCl; 

moles  of  HC1  formed  =  0.1 

[Cl]  =  01x1000  =  0.666  M 
50  +  100 

98.  (c)  No.  of  moles  of  HC1  are  more  than  NaOH,  so 

final  solution  becomes  acidic. 

99.  (c)  Let  vol.  is  *  mL,  *  x  0.1  x  2-  50  x  0.1 

=  (*  +  50)  x  0.05  x  2 
0.2* -5  =  0.1*+  5 


0.1*  =10 


*  =  100  mL 


100. (c)  [HC1]  =  lx4^2xV  =  1.2 M 
28 

102.  (c)  Molarity  = - =  2.5  M 

11.2 

1000  mL  of  solution  contains  2.5  mole  H202 
2  5 

molality,  m  = - 1 - x  1000  =  2.15  m 

1250-85 

103.  (a)  The  reaction  that  takes  place  is 

NaCl  +  AgNOs  - ►  AgCl  1  +  NaN03 

v  143.5  g  of  AgCl  is  produced  from  58.5  g 
NaCl 

a  14  g  of  AgCl  will  produce  from 

-os 

This  is  the  amount  of  NaCl  in  common  salt; 
5  70 

%  purity  =  — —  x  100  =  95% 

6 

104.  (c)  Let  no.  of  moles  of  Al2(S04)3  in  solution  is* 


2684  -  *  x  342 


x  1000=1 


2A12(S04)3  - >  6molesS04“ 

6  moles  of  BaS04 

105.  (a)  0.478  mL  s  0.478  g  of  water;  109  g  water 
contain  0.10  gCHCl3 


0.478  g  water  contain 

■^4  *  0.478  g  CHCI3 
109  3 

0.1  0.478 
nCHd3  -  109  *  n9  5 

M  ,  ,  ,  0.1  0.478  .. 

.•.  No.  of  molecules  = — x - x  W. 

109  119.5  A 


=  4  x  10“3  *Na 


107.  (b)  B  HjPtClj 


Pt; 


12 


Mb  +  410 


5 

195 


moles  of  Pt;  Molecular  mass  of  base  =  58 
109.  (b)  Moles 


, .  .  moles  of  Ag 

°fAg3A  = - 3 - - 


0.607  0.37  1  ..  C01 

- - - x-rs>  M  =  531 

M  108  3 


mol.  wt.  of  H 2A=  mol.  wt.  of 
Ag3A  -  3  x  At.  wt.  of  Ag  +  3  x  At.  wt.  of  H  =  210 
110.  (a)  Equivalents  of  KOH  used  by  oil 

=  [25  x  0.40  -  8.5  x  0.28  x  2|  x  10"3 
=>  Moles  of  KOH  used  =  5.24  xlO"3 


=>  Mass  of  KOH  used  in  milligrams 
=  5.24  xl(T3  x  56x1000 


=  223.44 

223  44  ’ 

Saponification  number  =  — ~ — 

=  146.72 

113*  (c)  100  mL  gaseous  mixture  contain  20  mL 

c3h8 

So,  volume  of  CH4and  CO 

=  (100  -  20)  =  80  mL 

C3Hfi4  502  - >  3 CO 2  4  4H20 

CH44  202  - ►  CO 2  +  2H20; 

CO  4  —  02  ■■■  ■  ‘~y  CO 2 
2  2 


80  mL  (CH4  and  CO)  will  produce  80  mL 
C02;  C3Ha  will  produce  =  3  x  20  .=  60  mL 
Total  CO  2  produce  =  80  +  60  =>  140 
114,  (d)  Let  the  volume  of  CO,  CH4  and  Ne  be 
x,  y  &  z  respectively 

CO  4  — 02  - ►  C02; 

x  x/2  x 


CH4  4  202  - >  C02  4  2HzO  (0 

y  2y  y 

X 

Remaining  volume  of  02  =  10 - 2 y 

2 


Volume  after  reaction  : 

x  +  y  +  10  -  —  -  2y  4  z  =  36.5  ...(i) 

2 

x  4  y  =  9  ...(ii) 

x  +  y  4  z  -  40  ...(iii) 

by  Eq.  (i),  (ii)  and  (iii) 

Volume  of  CH4  =  6  mL; 

%  ofCH4  =  —  xl00=>15 
4  40 

115*  (b)  Suppose,  the  volume  of  propane  =  V  L 

C3H8(g)4  502(g)  - ►  3CO2(g)4  4H2O(0 

V  5V  3V 

C4H10(g)+^O2(g)  - *  4C02(g)+ 5H2O(0 

(3-  V)  y(3-V)  4(3-  V) 


Total  volume  of  C02  produced  =  10  L; 

3V+  4(3-V)  =  H;  V  =  1 
Volume  of  butane  =  (3  - 1)  =  2L 
Thus,  the  ratio  of  volume  of  butane  to 
propane  =  2:1 


+2  / 

117.  (c)  Ca<^ 


-2(+l) 

OC1 


Cl 

(-1) 


119.  (b)  Let  oxidation  state  is  x; 

(x  +  5  x  0  +  1 )  -  2  =  0  =>  x  =  4  1 

120*  (b)  The  redox  reaction  is  : 

Cr20|’  +  3S02  +  2H+  - *  2Cr3+  +  3SO^‘ 

+  H20 

122.  (a)Caro's  add  =  H2SOs 

=  Peroxomono-sulphuric  acid 
Marshall's  add  =H2S208 

—  Peroxodi-sulphuric  acid 
The  oxidation  state  in  both  the  adds  is  46 
each  because  oxidation  state  cannot  be 
greater  than  the  number  of  valence  electrons. 

128.  (c)  1  mole  N2H4  loses  8  mole  e~;  1  mole  N  loses 
4  mole  of  e~ 

New  oxidation  state  ofNis-2+4=>2 

138.  (a)  The  balanced  redox  reaction  is 

2Mn04  +  5C204'  +  16H+  - *  2Mn2+ 

+  10CO2  4-  8H20 

139.  (a)  Balancing  the  equation,  we  have 

K2Cr207  +  H2S04  +  3S02 - *•  K2S04 

+  Cr2(S04)3  +  H20 


.  (a)  Balanced  reaction  is 

PtCl4  +  5XeF2  - >  PtF6  +  4C1F  +  5Xe 

Sum  of  stoichiometric  coefficients 
-1+5+1+4+5  =16 
.  (b)  n  =|  1  +  5  x2| 

,  (d)  14  mole  HC1‘  loses  6  mole  e”; 

1  mole  HCl  loses  —  mole  e~ 

14 

M 

eq.  wt.  of  HCl  =  /  ^ 

(  6  i 


6 

(d)n-factor  =  ^Jl^  =  ±l2=4 

na  +  n2  4+2  3 

„  ^  mol  wt.  M  x  3 


Eq.  wt.  = 


n-  factor 


.(d)  n-factor  =  |  2x2+  8  x3|  =>  2 

.(a)  K20r2O7  +  - »  X5+< 

6  x  10-3  x6  =  (5-n)x9x  10~3 : 
.  (c)  2BrO;  +  12H+  +  10Br  - ► 


Xs+03  +  Cr3 


(c)  2Br03  +  12 fT  +  10Br  - >  6Br2  +  6H20 

10  mole  e~  required  for  formation  of  6  moles 
of  Br2 

n-factor  of  Br?  =  —  =  - 
2  6  3 

_  mol.  wt.  m  3 M 

eq.  wt.  = - = - = - 

n  5/3  5 

(a)  O.N.  of  N  in  N2H4  is  -2  which  changes  to  0 
in  N2.  Hence,  equivalent  mass  of 

KT  Tt  molar  mass 

N2H4  = - 

4  2x2 

O.N.  of  iodine  changes  from  +5  in  I03  to  +  1 
in  1C1.  Hence,  equivalent  mass  of 
T^_  molar  mass 


►  (c)  Eq.  mass  of  H202  -  —  =  17 


c  3.4  xx 

Eq.  of  H7On  - - 

2  2  100  x17 

=  Eq.  ofKMn04  =  x  xN  xlO-3  =>  AT  =  2 
2 

Molarity  of  KMn04  =  -  =  0.4 

(c)  50  m-eq.  KMn04  =  10  m-mole  KMn04 

or  25  m-mole  of  02  =  25  x  22.4  x  10"3 


168,  (b)  Moles  of  AgCl  =moles  of  AgN03 

=  moles  of  HCl  =  0,1435  =  10~3 
143.5 

wt.  of  HCl  =  0.0365 
wt.  ofH2S04  =0.0635 


wt.  %  of  H2S04  = 


.0635  x  100 


=  63.5 


169.  (b)  Eq.  wt.  of  KBr03  =  —  of  its  mol.  wt. 


=  —  xl67 
6 

0.167  -  1 

-  X  6  X -  : 

167  0.05 


0.12N 


170.  (a)  Total  m-eq.  of  NaOH  taken  =  20 

m-eq.  of  =  m-eq.  of  NaOH  reacted 

=  5x0,2  X 250  =  10 
25 

m-eq.  of  NaOH  reacted  =  20  - 10  =  10 

(NH4)2S04  +  2NaOH 

=>  Na2S04  +  2NH3  +  2H20 

m-moles  of  (NH4)2S04  reacted  =  5 

wt.  of  (NH4)2S04  =>  5  x  10'3  x  132  =  0.66 

Percentage  of  (NH4)2S04  in  sample 

«  x  100  =  82.5 
0.80 

171,  (c)  miUi-equiyalentofNH3  reacted  with  HN03 

=  45x0.4-20x0.1=16 


/.  —  x  1000  =  16;  WN 


:  0.272  g; 


wt.  ofN  =  0.272  x— =  0.224 
17 

0  224 

%  N  in  the  sample  =  — - x  100  =  20% 

1.12 

W  1 

172.  (a)  1000  x — 11 - x  2  =  90  x  — —  x  5: 

24+64  100 

W=  0.198  g 

%  of  oxalate  ion  in  a  given  sample 

=  X 100  =  66 

0.3 

173.  (a)  m-moles  of  HCl  =  20  x  0.1  =  2 

2 

m-moles  of  MgO  reacted  with  HCl  =  —  =>  1 

wt.  of  MgO  present  =  1  x  40  mg 

%  of  MgO  =  —  =  12.5% 

320 


=  0.56  L 


174.  (c)  Pb2+  +  SO4  (from  Na2S04)  - >  PbS04 


moles  of  Na2S04  req.  =  moles  of  Pb  ions 

=  =  0.0025 

142 

[Pb2+]  =  — -°25  =  5  x  10~3  M 
0.50 

175.  (b)  Let  volume  of  HNOs  is  V  then 

„  ,  „  '  12.6  3  1  . 

V  x  1.05  x - x  —  - - x  1 

100  63  278 

V  -  0.57  mL 

176.  (c)  m-eq.  of  KMn04  =  m-eq.  of  FeC204 

+  m-eq.  of  FeS04 

17  100  100 

(0.1  x  5)  x  V  =  +  Y52  > 

3  1 

V  =  5.48  mL 


177.  (a)  meq.  FeS04  (NH4)2SO4-6H20 

=  meq  of  KMn04 

(n=l) 

w 

—  xl  xlG00  =  0.1  x50;  W  =  1.96 g 
392 

Hence,  %  purity  of  Mohr’s  salt 
1  96 

=  —  x  100  =78.4% 

2.5 

178.  (d)  Cr207~  +  6Fe2+  (n  =  1)  (Mohr’s  salt) 

+  14H+  - >  2Cr3+  +  6Fe3+  +  7H20 

Equivalent  of  Fe2+  -  moles  of  Mohr’s  salt 
=  equivalent  of  K2Cr207 
=  500  xl0“3  x  6x1=  3.0 


Hence,  mole  per  cent  of  Mohr’s  salt 

=  -  xl00  =  75 
4 


180.  (d)  X203 


2X3+  +  30 


,2- 


i.e.,  the  valency  of  metal  in  oxide  is  3 
v  6  mg=  6  x  10-3  g of  H2  reacts  withX203 
1  g  or  1  equivalent  of  H2  reacts  with 
X203  =  0.1596  g 

_  .  c  0.1596  s 

Equivalent  of  X203  — ^15-  =  26.6  g; 


Equivalent  weight  of  X203  =  26.6 
-  Equivalent  weight  of  X 

+  Equivalent  weight  of  O  =  E  +  8 
=>  E  +  8-26.6;  =>  £=18.6 

v  At.  wt.  =  Eq.  wt.  x  Valency 


=  18.6  x  3  =  55.8 

181.  (b)  Let  normality  of  KMn04  solution  is  N 

Nx  10  =  50x1  N  =  5 

m-eq.  of  Mn04  .=  nteq.  of  oxalic  acid 

=  JV1V1  =y  xlOOO 

w 

5  X 100  ^  " —  X 1000  =>  W  =  22.5  g 

(90/2) 

182.  (d)  Let  the  moles  of  NaHC204  be  ‘a’  and  that  of 

KHC 20  4  H2C 20 4  be  V  and  volumes  of  each 
consumed  be  V  litre. 

In  redox : 

whenKMn04  used :  0.2  x  V  -  2a  +  4b  ...(1) 
In  acid-base  neutralization : 
when NaOH used:  0.12xV  =  a+3b  ...(2) 
from  (1)  and  (2)  a  -  0.06  V 
b  =  0.02 V  or  a: b  =  3: 1 

184.  (d)  eq,  wt.  of  NaHC204  as  an  acid  =  112 

eq.  of  NaHC204  =  eq.  of  NaOH 

=  100  x  10‘3  x  0,2 

=  0.02 

a  =  0.02  x  112=  2.24  g 
eq.  wt.  of  NaHC204  as  reductant 

112 

(C2oS"  - »  2C02  +  2e")  =  — —  =  56 

z 

eq.  of  NaHC204  as  reductant  =  eq.  of 
KMn04  =100  xl0~2  x  0.02x5  =  0.01 

=>'  b  =  0.01  x  56  =  0.56  g 
2  24 

Hence,  a:  b=  '  =  4 : 1  or  a  =  4b 

0.56 

185.  (c)  eq.  of  Na2C204  +•  eq.  of  H2C204 

=  eq.  of  KMn04  =  V  x  0.1  x  5 
2+  2=  0.5  V;  V  =  8L 
eq.  of  H2C204  =  eq.  of  NaOH 
=>  1x2  =  0.2  x  V2;  V^IOL 
Hence,  :  V2  =  8 : 10  =  4 :  5 

,  _  „  ,  „  _  _  molar  mass 

186.  (a)  eq.  wt.  of  K2C207  = - - - 

6 

c  tj~k  k  ^  molar  mass 

eq.  wt.  of  KMn04  = - - - 

5 

eq.  of  Na2S203  =  eq.  of  12  liberated 

=  eq.  of  KMn04  +  eq.  of  K2Cr207 
or  N  x  1  =  0.02  x  5  +  0.05  x  6 
=>  N  -  0.4  or  M  =  0.4 


4 


54  “ .  .  . . 

187.  (b)  m-eq.  of  add’s  in  50  mL  =  m-eq.  of  Na2C03 

25x2+  50x4  +  2x2xjc  =^2®  x25xl 

50 

x  =  62.5  mL 

188.  fd)  Moles  of  pure  CuSO4=0.12  =  moles  of 

Na2S203  reacted  with  I2 
Moles  of  Na2S203  =  120  x  10"3  x  M 
=  0.12 

M  =1.0 

189.  (d)  Let  *  g  of  Li2C03  and  (1  -  x)  g  of  M2C03 

present  in  given  mixture 

2  x  Total  moles  of  carbonates  =  moles  of  HC1 

and 


2  x  |  —  + 
74 


l-x 
2M+  60 

x  =  0.407 
x__  l-x 
74  ~~ 

M 


=  21.6  x  0.5  xlO"3 


2M  +  60 
51 


190.  (b)  m-eq.  of  FeS04*7H20  in  1  litre 

=  20  x  0.02  x  5  x  =  80 

W 

—  xl  xl000  =  80  =>W  =  22.24 
278 

weight  %  of  FeS047H20  in  given  sample 
22.24 


32 


x  100  =  69.5 


191. 


193. 


(a)  Since,  phenolphthalein  indicates  only 
conversion  of  Na2C03  into  NaHC03  hence, 
x  mL,  of  HCl  will  be  further  required  to 
convert  NaHC03  to  H2C03.  So,  total  volume 
of  HCl  required  to  convert  Na2C03  into 
H2C03  =  x  4  x  -  2x  mL 

(c)  Phenolphthalein  gives  the  end  point 
corresponding  to  the  reactions  : 

NaOH  4  HCl  - >  NaCl  +  H20 

Na2C03  4  HCl  - >  NaHC03  4  NaCl 

m-moles  of  NaOH  4  m-molesof  Na2C03 
=molesofHCl  =2.5 

Methyl  x  orange  gives  the  end  point 
corresponding  to  the  reactions  : 

NaOH  4  HCl  - ►  NaCl  4  H20 

Na2C03  4  2HC1  - >  2NaCl  4  C02  4  H20 

.'.  m-moles  of  NaOH 

4  m  moles  of  Na2C03  x2 


-  m-moles  of  HCl  =  30  x  0.1  =  3 
milli-moles  of  Na2C03  =  0.5 
m-mole  of  NaOH  =  2.5  -  0.5  =  2 
Ratio  of  mole  of  NaOH  and  Na2C03 

=  —=4:1 
0.5 

196.  (a)  Na2COs  4  2HC1 - >  2NaCl  4  H20  4  C02 

At  the  equivalent  point  m-mole  of  HCl 
=  2  x  m-mole  of  Na2C03 


60  x  M  =  2  x 


0.318 

106 


xlOOO 


M  =  0.1 

198.  (c)  Milli-equivalents  of  Ca2+ 

4  milli-equivalents  of  Mg2+ 

=  milli-equivalents  of  Na2C03 
20  12  ¥r  0 
20  12 

V  =  1  mL  for  1  L  of  tap  water 
For  5000  L  of  pond  water 
V  =  5000  mL  or  5  L 

199.  (d)  4.44  mg  CaCl2  is  equivalent  to  4  mg  CaC03 

1.9  mg  MgCl2  is  equivalent  to  2  mg  CaC03 
Total  wt.  of  CaC03  =  6  mg 
6  x  10“3 


Hardness  in  ppm  =  - 


103 


x  10° 


-  6  ppm 

Level  2 

1.  (a)  Let  wt.  of  NH4N03  and  (NH4)2HP04  are  x 
and  y  gram  respectively 


—  x  2  x  14  4  x  2  x  14 
80 _ 132 _ 


x  100  =  30.4 


x  4  y 

=>  x  :  y  -  2:1 

2.  (a)  Let  V  mL  of  alcohol  be  required 

v  mass  of  alcohol  is  same  in  both  solutions 
,jl*0.SxV-£L>0.9xl50 

V  =  67.5  mL 


3.  (d)  The  predpitation  reaction  is 


Fe3+  +  3NH3  +  3H20  - 
mole  of  Fe203  in  sample  = 


Fe(OH)3  +  3NHJ 
0.80  x  0.5 


160 
=  2.5  x  10"3 


M 


mole  of  Fe3+  =  2  x  2.5  x  10"3  =  5  x  1(T3 

0.986  g/mL  xlOOQ  mL/litre  x  0.025 
17 


nh3 


Mk 


=  1.45 


4- 


3  x  moles  of  Fe3+  =  moles  of  NH3 
=>  1.45  x  V  (inL) 

v  =  3x5x10  =  10.34 X 10-3  L  or  10.34 mL 

1.45 

(a)  Balanced  reaction  is 

2F203  +  3C  - >  4Fe+  3C02 

„  ,  ^  r  120x1000 

No.  of  moles  of  Fe203  - 


90 


2  x  56  +  48  )  100 


Mass  of  80%  pure  iron  produced 
120  x  1000  x  0.9  2x56 

*  "  2x56+  48  0.8 

=  94500  gram  or  94.5  kg 

5.  (d)  Let  two  equimolar  carbonates  are  ACO  3  and 

BC03 

Wt.  of  metal  A  =  2.8  x  0.125-  0.35  g 

AC03  +  BC03  - >  A0  +  B0  +  2C02 

Total  two  moles  C03~  provide  2  moles  of 
CO  2  or  60  g  CO  3“  provide  44  g  of  CO  2 
Total  mass  of  C03"  required  to  produced 

1.32  g  of  C02  =  —  xl.32  =  1.8g 

44 

wt.  of  metal  {A  +  B)  =  2.8  - 1.8  - 1  g 
wt.  of  £  =  1  -  0.35  =  0.65  g 

%  of  B  =  X 100  =  23.21 
2.80 

6.  (b)  Loss  in  wt.  due  to  heating  =  6.2  x 

=  0.31  g 

2NaHC03  - »  Na2C03  +  C02  +  H20 

2  x  84  g  44  +  18  g  loss 

1  mole  NaHC03 - >  31  g  loss  due  to  heating 

0.31  g  loss  from  0.01  mole  of  NaHCOs 

Moles  of  Na2C03  produced  =  =  0.005 

Total  moles  of  carbonate  reacted  with  BaCl2 


=  7.5  x  0.2  x 


100 

10 


xl0“3  =0.015 


Moles  of  carbonates  in  original  sample 
=  0.015-0.005=0.01 
Mass  of  Na2COs  in  original  sample 
=  0.01  x  106  =  1.06  gram 


7.  (c)  Moles  of  NO  2  required 

=  fl5Z5>|  x-x— =  46.875 
l  63  J  2  0.8 

,  .  .  46.875 

moles  of  NO  required  =  ^  . 

*  r  ,  .  ,  46.875  1 

moles  of  NH3  required  -  x  — — 

J  0.60  0.50 

=  156.25 

Volume  of  NH3  at  STP  required 

=  156.25  x  22.4  =  3500  L  v- 

8.  (c)  Moles  of  NaOH  consumed  when  reacted 

with  LP  =3x1 

moles  of  H;2S04  present  in  sample  =1.5 
wt.  of  H2S04  in  sample  =  1.5  x  98  =  147  g 
147 

%  purity  = - x  100  —  80 

183.75 

9.  (c)  Let  wt.  of  sample  is  x  g;  wt.  of  Mn02  is 

0.75  x  g 


moles  of  MnOo  = 


0.75x 

87 


wt.  of  Mn  -  x  55  =  0.474x 

87 

3Mn02  - >  Mn304  +  02 

wt.  of  Mn304  produced 

=  x  -  X  229  =  0.658X  g 

87  3 


Total  wt.  of  residue  -  0.658x  +  0.2  x 

(wt.  of  impurities) 
0.474x 

%  of  Mn  in  residue  =  — 1 - x  100 

0.858x 

=  55.24 

10.  (b)  Moles  of  AgCl  =  moles  of  chloride 

=  -?^  =  0.0136 
143.5 

Moles  of  organic  compound  =  — — 

=  6.8  x  10-3 

Chlorine  atoms  in  each  molecule  of  organic 
0.0136  . 

compound  = - =  =  2 

6.8  x  10-3 

11.  (c)  Letxgis  wt.  of CaC204  and  (0.6  -  x)gwt.  of 

MgC2Q4 


CaC  20  4 
MgC204 


4  CaC03  +  C02 


-4  MgC03  +  C02 


wt.  of  CaC03  produced  =  — —  x  100 
128 

wt.  of  MgC03  produced  =  — —  x  84 

^  x  100 +  M^_£)x  84  =  0.465 

x  =  0.48  g 
Due  to  further  heating 
A 


CaCO, 


MgCO, 


— >  CaO  +  CO ' 
x 

128 


->  MgO  +  CO  2 

f  0.6 -  xy 


r0.6~  x ' 
<  112  > 


wt.  of  CaO  and  MgO  produced 
0.48  0.12 

=  Wx56+ mx40  =  a252s 
1.22 


12.  (a)  Moles  of  BaS04  = 


233.3 


moles  of  M2(S04),  =  — — x  - 
233.3  3 

=  1-743  xlO'3 

wt.  of  M2(S04)3  =0.596 

1.743  x  10~3  (2 M  +  96  x  31  =  0.596 

M  =  26.9 

13.  (b)  2NH3  +  CO 2 - ►  NH2— CO— NH2  +  HzO 

moles  of  urea  =  — —  - 10  =  16.66  x  103 
60 

moles  of  C02  =  16.66  x  103 

^1^211+2^^2  - ►  nC02  +  H20 

16.66  x  103  _ 

- — -  x[12n  +  (2n  +  2)]  =  236  x  103 

n 

n  ^  12 

molecular  formula  of  hydrocarbon 
=  ^*12^26 

14.  (dJC^j+^^ljoa  - ►  nC02 

+  (n  +  1)  H20 

Let  initial  pressure  of  C„H2fi+ 2  is  P  then 
increase  in  pressure 

r3n  +  T 


=  P 


(2n+  1)1- 


n  - 1 


546  K  and  4.6  atm - >  273  and  2.3  atm; 

Increase  in  pressure  =  0.3 atm 
nRT  =  1L6  ^  ( 0.0821  x  273^ 

V  M  X{ 

fn-l}  11.6 


P  =  - 


(¥) 


2 

n  - 1 


14n  +  2 


'  (14n  +  2) 


0.6 

11.6 


22.41 
=  0.3 


■  =  n 


Compound  is  C4H10 

15.  (d)  Mole  of  H2S04  =  0.1;  mole  of  KOH  =  0.2 

mole  of  H202  used  in  first  reaction 

0.2  1  ^ 

=  — x - =  0.25 

2  0.4 

6  74 

mole  of  produced  0  2  =  =0.3 

mole  of  H202  used  in  second  reaction 
0.3 

=  —^  =0.2 
3  x  0.5 

Total  mole  of  consumed  H2Oa  =  0.45 

Molarity  of  H202  =  -3M 

2  0.15  x. 

Volume  strength  =  11.2  x  3  =  33.6  volumes 

16.  (b)  S02C12  +  2H20  - ►  H2S04  +  2HC1 

m-moles  of  H2S04  produced  =  5;  m-moles 
of  HC1  produced  =  10 

m-moles  of  Ba(OH)2  required 

=  5  (for  H2S04)  +  ~  (for  HCl)  =10 

•••  M  x  V  =  10,  0.2  x  V  =  10,  V=  50  mL 

17.  (b)  Only  Na2C03  is  reacted  with  H2S04; 

Na2C03+H2S04  - >  Na2S04+H2C03 

m-moles  of  Na2C03  =  m-moles  of  H2S04 
=  20x0.1=2 

m-moles  of  Na2C03  in  250  mL  solution 


250 

25 


x2  =  20 


wt.  of  Na2C03  =  20  xl06  xlO'3  =2.12g 

%  of  Na2COs  =  x  100  =  42.4 

%  of  Na2S04  =100  -  42.4  =  57.6 

18.  (a)  MNa0H  resultant 

20x0.2+35x0.1 
= - 55 - =  0.075M 


Milli-equivalent  of  NaOH  =  milli-equivalent 
of  H2C204 

Let  wt.  of  impure  sample  is  x  gram* 
40x0.075  =  ^^x2x1000 

«  90 

x  =  0.1 5  gram 

19.  (b)  Ag  +  HN03 - >  AgN03 

AgN03  +  NaCl - »  NaN03  +  AgCl 

POAC  on  Ag 

Mole  of  Ag  in  coin  =  mole  of  Ag  in  AgCl 

1435  An  , 

a  = - =  0.1  mole 

14a  5 

Mass  of  Ag  in  coin  =  0.1  xl08  =  10.8  g 
10  8 

%  silver  in  coin  =  — —  xl00%  -  9S2% 
11.34 

20.  (c)  Mass  ratio  of  Y  in  compound  A,  B  and  C  is 

1  :  3  :  ^  in  compound  B,  32  parts  of  X 
combine  with  84  parts  of  Y 
16  parts  of  X  combine  with  42  parts  of  Y 
For  Y  3  parts  in  compound  B ,  then  in 
compound  C  ~  5  parts 

42  parts  in  compound  B,  then  in  the 
compound  C  =  |  x42  =  70  parts 

21.  (a)  Mole  of  O  2  =  ^  ^  —  3  mole 

2  22.4 

302  2O3 

2  15 

Mole  of  Ozone  formed  =  -  x - x  3 

3  100 

-  0.3  mole 

Mass  of  Ozone  formed  =  0.3  x 48  g  - 14.4  g 

22.  (a)  [H+]  =  HT3  M 

So  [Ca2+]  =  i  x  10~3  M 
2 

wt.  of  Ca2+  =  — —  x  40 
2 

So,  weight  of  Ca2+  ions  in  106  mL  hard 

-  Xl0~3  x  40  x  106 

water  =  — - - - =  20 

103 

23.  (a)  m-eq.  of  acid  =  m-eq.  of  base 

NtV^N2V2 


24.  (b)  VVhen  phenolphthalein  is  used  as  an 

indicator  :  0.05  x  =  20  x  0.1  x  1;  x  =  40  mL 
When  methyl  orange  is  used  as  an  indicator: 
0.05  y  =20x0.1  x  3 
y = 120  mL 
y  -  x  =  80  mL 

25.  (a)  I2  +  AsO;  +  2H2O  - >  HAsO2'  +  2T 

+  3H+ 

m-eq.  of  HAs02  (in  50  mL)  =  m-eq.  of  I2 

=  35x0.05x2=3.5 
2S0 

m-eq.  of  HAs02  in  250  mL  =  3.5  x - 

50 

- 17.5 

wt.  of  HAs02  in  sample 
=  x  (108)  x  10‘3  =  0.945g 

%  of  HAs02  in  the  sample  =  x  100 

3.78 

=  25% 

26.  (a)  m-eq.  of  FeO  =  m-eq.  of  KMn04 

=  0.25  x  5  x  100 

m-mole  of  FeO  (n  =  1)  =  0-25  00  Jig 

=  125 

total  m-eq.  or  m-mole.  of  Fe2+ 

=  1000  x  0.1  x  6  =  600 
(from  FeO  and  Fe203  after  reaction  with  Zn 
dust) 

m-mole  of  Fe2+  from  Fe203  =  600  - 125 


m-mole  of  Fe203  = - 

.2 

^  ^  125  x  (56  + 16} 

wt.  of  FeO  = - - - -  g  =  9  g 

1000  *  5 

wt.  of  Fe203  - - x - =  38  g 

z  **  o  -I  o 


2  1000 


%  Fe203  =  x  100  =  80.85% 

2  3  38+9 

27#  (d)  3Br2  +  60H~ - >  5Br  +  Br03  +  3H20 


'98)  U0  500 


...(1) 

6H+  +  Br03  +  3C204“  - >  Br"  +  6C02  +  3H20 

-(2) 

10  m-mole  of  Br2  produce  C10/3)  m-mole 
Br03  and  required  m-moles  of 


n  =  3 


CaC204  =  —  x  3  =  10 
2  4  3 


a  wt.  ofCaC204  =10  x10  3  xl28 


%  purity  = 


10  xlO-3  xl28 


xlOO  =  64 


28.  (b)  m-moles  of  KI  =  50  x  0.04  =  2 

m-equivalent  of  Na2S203  reacted  with  10 
mL  solution  =  20  x  2.5  x  10“3  =  50  x  10  3 

m-equivalent  of  1“  left  unreacted  in  100  mL 

solution  =  50  x  10“3  x  i22  =  0.5 
10 

m-moles  of  1“  reacted  with  CuC03  -  2  -  0.5 

=  1.5 

->  2CuI  4-  I3 


2Cu2+  4-  51“ 


m-moles  of  Cu2+  —  -  x  1.5  =  0.6 
5 

weight  of  CuC03  =  0,6  x  10~3  x  123.5 
=  0.0741 

weight  %  of  CuC03  =  xlOO 


.  0.1 
=  74.1 

29.  (b)  Fe2(C204)3  +  MnOJ  4  H+ 
(n  =  6)  (n  =  5) 


2FeJ 


4*  6CO9  4-  H?0 


FeC204+ MnC>4  +  H*  - >  Fe3 


(n  =  3)  (n  =  5) 


+  2C02  4-  H20 


Total  equivalents  of  (Fe2(C204)3  4-  FeC204) 
=  equivalents  of  KMn04 
0.5  x  6  -I-  0.5  x  3  =  x  x  5 
moles  of  KMn04  =  x  =  0.9 
30.  (b)  m-eq.  of  Na2C204  =  m-eq.  of  KMn04 
reacted 

total  m-eq.  of  KMn04-  excess  m-eq.  of 
KMn04  reacted  with  H2C204 

=  45x0.02x5-10  xO.l  x2  =  2.5 
W 

1000  X - x  2  =  2.5 

134 


=  0.1675g 


%  purity  of  Na2C204  in  sample 


0.1675 

0.2 


x  100  =  83.75 


31.  (a)  Reactions  of  K2Cr207  and  KMn04  with  KI 
may  be  given  as  : 

K2Cr207  +  7H2S04  +  6KI - >  4K2S04 

4-  Cr2  (SO  4)3  4-  7H20  -I-  3I2 


2KMn04  4-  8H2S04  +  10KI  - >  6K2S04 

4-  2MnS04  4-  5I2 
294 

Thus,  equivalent  wt.  of  K2Cr207  =  — —  =  49 

6 

158 

equivalent  wt.  of  KMn04  - =  31.6 

5 

v  m-eq.  of  K2Cr207  +  m-eq.  of  KMn04 
=  meq.  of  I2  =  m-eq.  of  hypo. 

Let  the  mass  of  K2Cr207  =  xg; 
mass  of  KMn04  =  (0.5  -  x)  g 

—  +  (0-5~*)=  150x0.1  xlO'3 
49  31.6 

or  x  =  0.0732 

0  0732 

A  %  of  K2Cr207  =  1  x  100 
2  2  7  0.5 

14.64 

32.  (b)  I2  4*  2Na2S203  - >  2Nal4-  Na^O*  ...(i) 


33. 


m-moles  of  Na2S203  consumed 
=  15  x  0.4  =  6  m-mole 
m-moles  of  I2  consumed  =  3  m-mole 
3I2  +  6NaOH  - >  5NaI4-  NaI03  +  3H20 

...(ii) 


m-mol  of  I2  reacted  with  NaOH  are 
=  — — =  12  m-  mole 


Total  m-mole  of  I2  consumed  in  reaction 
(i)  and  (ii)  =  3412=15 m-mole 

Molarity  of  I2  =  =  0.1  M 


(a)  Let  x  and  y  are  milli-moles  H2S04  and 
H2c204  in  given  mixture  when  both  reacted 
with  base 

m-eq.  of  acids  =  m-eq.  of  base; 

(x  +  y)x2=3x0.1x—  or  X4y  =  15 

In  second  experiment  only  KMn04  reacted 
with  H2C204  in  which  Mn7+  converted  into 
Mn2+ and  C  204“  converted  into  C02 
milli-equivalent  of  H2C  20  4 

=  milli-equivalent  of  KMn04 

y  x  2  =  4  x  0.02  x  5  x  ^222 
J  100 

y  =  2 

a  X  =  13,  wt.  of  H2S04  =  13  X 10-3  X  98 


STOICHIOMETRY 


(c)  KMn04 

+  C203- 

Tlj  =  5 

nf  -2 

16  mL 

40  mL 

0.05  M 

XM 

=  1.274  g 
1  274 

wt.  %  of  H2S04  in  sample  =  — — -  x  100 

3.185 


>  Mn2+  +  CO, 


Milliequiv.  ofC204“  -milliequiv.  of  KMn04 
2(40)X  =  5x16x0.05 
X  =  0.05A4 
[H+]  =  2X  =  0.1  M 
pH  =  1 

Level  3 

Passage-1 

1-  (b)  H20  4-  S03  - ►  H2$04; 

18  g  water  combines  with  80  g  S03 
.\  4.5  g  of  H20  combines  with  20  g  of  S03. 

100  g  of  oleum  contains  20  g  of  S03 
or  20%  free  S03. 

2.  (c)  Initial  moles  of  free  S03  present  in  oleum 

12  2  . 

-  —  =  -  moles 
18.  3 

=  moles  of  water  that  can  combines  with  S03 

moles  of  free  S03  combined  with  water 

9  1  1 

=  —  =  -  mole 
18  2 

2  11 

moles  of  free  SO  3  remains  = - =  —  mole 

3  2  6 

.*.  volume  of  free  S03  at  STP  =  i  x  22.4 

6 


—  3.73  L 

3.  Cc)  Na2C03+  H2S04  - >  Na2S04 

4*  H20  4-  C02( 

moles  of  C02  formed  =  moles  of  Na^CO* 

5  3  6 

reacted  =  — ^  =  0.05 
106 

volume  ofC02  formed  at  1  atm  pressure  and 
300  K  =  0.05  x  24.63  =  1.23  L 


4.  (b)  eq.  of  H2S04  +  eq.  of  SO  3  -  eq.  of  NaOH 

JL  x  2  +  (1  ~*)x2  =  54  X  0.4  X  10-3 
98  80 


%  of  free  SO.  = 


x  =  0.74 
.  1  -  0.74 
1 


x 100=  26% 


Passage-2 

1.  (a)  1  litre  of  H202(aq}provide  11.2  litre  ofOz  at 

STP 

11  2 

moles  of  Op  -  — —  =  0.5 
2  22.4 

nH2o2  required  =  0.5  x  2 

mh2o2=-^-=1  M 

•solution 

2.  (b)  Strength  in  percentage  means  how  many  g 

H202  present  per  100  mL 

v  M  =>  1  and  mol.  wt.  of  H202  =  34 

.*.  34  g  H202  present  per  litre  of  solution  or 
3.4  g  H202  present  per  100  mL  of  solution. 

3.  (b)  m-eq.  of  H202  =  m-eq.  of  KMn04 

20  xN  -  0.05  x  5  x  80  =>  N=  1 
N  _  volume  strength  of  H2Q2 
5.6 

volume  strength  of  H202  =5.6 

4.  (b)  m-eq.  of  Ba(Mn04)2  =  m-eq.  of  H202 


w 

—  X 10  X 1000  =  3  X  12Sx  2;  w  =  28.125 


%  purity  - —  xl00 
40 


28.125 


x  100  =  70.31 


Passage-3 

1.  (c)  136  mg  ofCaS04  slOOmg  ofCaC03; 

190  mg  of  MgCl2  s  2  x  100  mg  of  CaC03 
1  litre  of  1000  g  water  contain  300  mg  of 
CaC03 

106  g  water  contain 

300  xlO"3  _ 

- x  10  =  300  ppm 

1000 

2,  (b)  106  g  water  contain  100  g  CaC03 

10  L  or  104  g  water  contain 


100  gCaC03  e  162g  of  Ca(HC03)2 
or  1  gCaC03  =  1.62  g  of  Ca(HC03)2 
or  0.01  mole 

Ca(HC03)2  +  Ca(0H)2  — -+  2CaC03  4-+  2H20 
moles  of  Ca(OH)2  required  =  0.01 
or  wt.  of  Ca(OH)2  required  =  0.74  g 
3*  (b)  m-moles  of  H+  present  in  outlet  water 
=  m-moles  of  OH"  =  50  x  0.1  =  5 

m-moles  of  Ca2+  present  in  hard  water  - 

=  2.5;  (1  Ca2+  replaced  by  2H+) 
no.  of  mg  ofCa2+  ion  =  2.5  x40  -  100 


200  g  sample  hard  water  contain  100  mg  of 
Ca2+ 

106  g  sample  hard  water  contain 

[  x  106  x  10"3=  500  ppm 
200 


Passage-4 

1.  (c)  n-factor  =  5x2=  10 

2.  (a)  H3P02  is  a  monobasic  acid  .*.  n-factor  =  1 

3*  (a)  n-factor  =  f  3 - — ]  x  0.95  =  0.85 

l.  0.95 ) 


E  = 


M 

0.85 


4,  (b)  n-factor  of  VO  =  3$  Fe203  =1  x2=  2; 
a  x  and  y  are  2  and  3 

One  or  More  Answers  is/are  Correct 

11»  (a*C,d)  Strength  “ 

=  2.5 

11.2 

a  1  L  contain  2.5  moles  of  H202 
or  2.5x34=  85  g  H202 
wt.  of  1  litre  solution  =  265  g 

(v  d  -  265  g/L) 

wHl0  =  180  g  or  moles  of  H20  =  10 

2.5  no 
X  = - : - =  0.2 

H2°2  2.5+10 

w  2.5  x  34  _ 0  _ 

%  —  = - x  100  =  8.5 

v  1000 

m  =  -=^xl000  =  13.88 
180 

14.  (b,c,d)  3Sn2+  +  14H+  +  Cr20?_  - »  3Sn3+ 

+  2Cr3+  +  7H..0 


Match  the  Column 

Mavp  -  M, 

3.  Use  %  by  moles  = - - - x!00 

J  M2-Ml 

%  by  mass  =  %  by  moles  x  ~^2 

^avg 


STRUCTURE 


Atomic  Number  of  an  Element 

Total  number  of  protons  present  in  the  nucleus  =  Total  number  of  electrons  present  in  the  atom 


Mass  number  of  an  element  =  Number  of  protons  +  Number  of  neutrons. 


Mass  number 

Atomic  number 


Symbol 
of  the 
element 


e.g.,  ^Na,  ||C1  and  so  on. 


Terms  associated  with  elements 

*  ❖  Isotopes  :  Atoms  having  same  number  of  protons. 

❖  Isobars  :  Elements  having  same  mass  number. 

❖  Isotones  :  Elements  having  same  number  of  neutrons  (A  -Z). 

❖  Isoelectronic  :  Species/elements  having  same  number  of  electrons. 

❖  Isosters  :  Species  having  same  number  of  atoms  and  electrons 

♦>  Isodiaphers  :  Elements  having  same  number  of  |  N  -  Z|  or  |  A  -  2Z| 

❖  Paramagnetic  :  Species  having  non-zero  unpaired  electron. 

<•  Diamagnetic  :  Species  having  zero  unpaired  electron. 

Rutherford’s  Model 

❖  Electrons,  protons  &  neutrons  are  the  most  important  fundamental  particles  of  atoms  of  all 
elements  (Except  hydrogen) 

❖  ^  Xy  Mass  number  (A)  = Atomic  number  (Z)  +  number  of  neutrons  (n) 

❖  Rn  =  R0(A)^3,  R0  =  1.33  x  10"13cm  A  =mass  number,  RN  =  Radius  of  nucleus 


IatomjUI" 


❖  —  ma  v  2  -K  - 1  X  ;  r  =  distance  of  closest  approach  ,  v  a  =  Velocity  of  a  a-particle 
2  r 

ma  =  mass  of  a-particle 

q}  -  charge  on  u -particle 

q2  =  charge  on  metal  foil. 

Size  of  the  Nucleus  ;  ' 

The  volume  of  the  nucleus  is  very  small  and  is  only  a  minute  fracti6n  of  the  total  volume  of  the 
atom.  Nucleus  has  a  diameter  of  the  order  of  10"12  to  10_13cm  and  'the  atom  has  a  diameter  of  the 
order  of  10_8cm. 

Thus,  diameter  (size)  of  the  atom  is  1,00,000  times  the  diameter  of  the  nucleus. 

Electromagnetic  Spectrum 


w 

"Gamma" 

X-rays 

y-rays 

UV 

PQ 

S3 

> 

Micro- 

wave 


radio 

waves 


[Wavelength]  lOin 


X  increases 
v  decreases 


Violet 


Green  I  Yellow  Orange 


400nm 


Indigo 


VISIBLE  SPECTRUM 


750nm 


Light 

❖  Photon  is  considered  as  massless  bundle  of  energy. 

<♦  Energy  of  light  E  =  me2,  where  m  =  mass  of  light  particle,  c  =  speed  of  light 

❖  E  photon  =hv  =  =  he  v  S - — - - - 

where  h  =  Planck  constant,  X  =  wavelength  of  photon,  v  =  wave  number. 

_  ,  no.  of  molecules  reacting 

❖  Quantum  efficiency  or  Quantum  Yield  = - - 

no.  of  quanta  absorbed 

Bohr's  Mode! 

❖  Electrostatic  force  =  — where K  =  — —  =  9x  109N -  m2/c2 

r2  47ie0 


PROBLEMS  IN  CHEMISTRY 


❖  Potential  energy  due  to  electrostatic  force  =  ^ 2 

r 

qj  =  charge  of  electron,  q2  ==  charge  of  nucleus 


❖  Potential  due  to  a  charge  (Q)  particle  at  a  distance  (r)  =  — ^ 

r 

❖  Bohr  quantization  rule  mvr  =  n  *  ~  n. 

❖  According  to  newtons'  second  law,  in  a  uniform  circular  motion  resultant  of  all  the  forces 

2 

towards  centre  must  be  equal  to  — - — . 

r 

...  K<h<l2  _mv2 
r2  r 

where  qx  =  charge  of  electron,  q2  =  charge  of  nucleus,  m  =mass  of  electron, 
r  =  radius  of  Bohr's  orbit 

❖  Total  energy  of  electron  in  n th  Bohr  orbit 


E  =  ~Z2  =  - ---——I  z 2  £ 

"  M2  „2,  2  * 

n  n  n 


~2n  2me4K2Z2 


En  =  -13.6x  — - ■  eV/atom,  where  z  -  atomic  number  of  single  electron  atoms/ion. 


n  =  principle  quantum  number  of  shell,  E,  =  total  energy  of  electron  in  1st  Bohr  orbit. 


❖  Radius  of  n th  Bohr  orbit,  r„  = 


4n2e2mK  Z 


x  — =  0.S29x— A  =n  —  A, 

V  rr  1  ry  ' 


.where  r,  =  radius  of  1st  Bohr  orbit. 

❖  Velocity  of  electron  in  n  ^  Bohr  orbit,  vn  =  ■  —  x  —  =  2.18  x  106  x  —  m/s  =  v,  f — lm/ 

h  n.  n  \n J  . 

where  va  =  velocity  of  electron  in  1st  Bohr  orbit. 

•>  Revolutions  per  sec  =  v/2 nr  =  0.657  x  1016  f— 1 


❖  Time  for  one  revolution  =  2i xr/v  =  1.52 x  10“16  — 

u 

❖  Energy  difference  between  nj  and  n2  energy  level. 

_  ^  ^  _ aT  1  ‘  1  . 


1  1 


A E^E^-E^  =13.6 Z2  — —  eV/atom  =  IE x  L. 


where  IE  =  ionization  energy  of  single  electron  species. 

*  Ionization  energy  =  Em  -Ec  $  =  Eos  ;  £c  &  =  Energy  of  electron  in  ground  state 

❖  Total  energy  of  electron  in  terms  of  kinetic  energy  (KE)  and  potential  energy  (PE) 

E  =KE  +  PE  =  -KE  =  — 

2 


Spectral  Lines 

❖  Rydberg’s  Equation  -  -  v  =  RH  *Z2;RH  s  109700cm-1  =  Rydberg  constant 

*  x  L«i  .  »2j 

❖  For  First  line  of  a  series  n2  =n1  +1 

❖  Limiting  spectral  line  (series  limit)  means  n2  =  « 

❖  Ha  line  means  n2  -n^  + 1 ;  also  known  as  line  of  longest  X,  shortest  v,  least  E 

❖  Similarly Hp  line  means  n2  =  nj  +  2 

❖  When  electrons  de-excite  from  higher  energy  level  (n)  to  ground  state  in  atomic  sample,  then 

number  of  spectral  lines  observed  in  the  spectrum  =  — —  / 

-  /' 


<♦  When  electrons. de-excite  from  higher  energy  level  (n,)  to  lower  energy  level  (n, )  in  atomic 
sample,  then  number  of  spectral  line  observed  in  the  spectntm  -  ("t -n,)(n; -n, +1) 


When  electron  de-excites  from  higher  energy  level  (n2)  to  lower  energy  level  (nj)  in  isolated 
atom,  then  number  of  spectral  line  observed  in  the  spectrum  =  (n2  -  nt ) 


series 


Photoelectric  Effect 

❖  When  radiation  with  certain  minimum  frequency  (v0  called  threshold  frequency),  strikes  the 
surface  of  a  metal,  electrons  (called  photoelectrons)  are  ejected  from  the  surface. 

❖  Kinetic  energy  of  photoelectron  =  hv  -  w  =  hv  -  hv0 
where  w  =work  function 


v0  =  Threshold  frequency 

If  v  >  v0,  then  photoelectric  effect  takes  place. 


Accelerating  potential  =  eV  =  KE  =-mv‘ 

21 


De-broglie  Hypothesis 

❖  All  material  particles  possess  wave  character  as  well  as  particle  character. 

'  ♦>  X  =  h/mv  =  h/p 

❖  The  circumference  of  the  n  ^  orbit  is  equal  to  n  times  of  wavelength  of  electron*,  e. ,  2nrn  =  nX 
Number  of  waves  =  n  =  principal  quantum  number 

❖  Wavelength  of  electron  ( X )  =1-  150  A 

6  V  Vfvolts) 

❖  Wave  nature  of  electron  has  been  confirmed  by  Davisson  and  Germer  experiment. 


Heisenberg  Uncertainty  Principle 

❖  According  to  this  principle,  “it  is  impossible  to  measure  simultaneously  the  position  and 
momentum  of  a  microscopic  particle  with  absolute  accuracy”. 

If  one  of  them  is  measured  with  greater  accuracy,  the  other  becomes  less  accurate. 

h  X2 

❖  Ax  ■  Ap  >  h/4n  or  (Ax)  (Av)  > - or  (Ax) (AX.)  >  — 

4 nm  4  n 

where  Ax  =  Uncertainty  in  position,  Ap  =  Uncertainty  in  momentum. 

Av  =  Uncertainty  in  velocity,  AX  =  Uncertainty  in  wavelength. 
m  =mass  of  microscopic  particle,  X  =  Wavelength  of  microscopic  particle 

❖  Heisenberg  replaced  the  concept  of  orbit  by  that  of  orbital. 


Schrodinger  Equation 

❖  Schrodinger  equation  is  central  equation  of  wave  mechanics  according  to  following  equation. 


d2\y  52vi/  d2\y 

- TT  +  - + 


87t2m 


dx  dy* 


dz* 


(E-V)\|/=0 


\j/  =  Wave  function  =  /(x,  y,  z) 

E  =  Total  energy  of  particle 
V  =  Potential  energy  of  particle. 

❖  A  solution  to  schrodinger  equation  leads  to  infinite  solution, 

❖  Most  of  the  solution  are  not  realistic  (or  acceptable).  Only  few  solution  can  be  accepted. 

❖  Each  solution  -  v| /  (x,y,  z')  correspond  to  a  definite  energy  state  depends  on  quantum  number 

n,  l  &  m.  c 

By  proper  mathematical  manipulation  the  main  equation  is  broken  in  two  parts  and  solved 
separately. 

(i)  Radial  part  contain  only  ‘  r\  depends  on  quantum  number  n  &  L 

(ii)  Angular  part  contain  0  and  <fc  depends  on  quantum  number  l  Sun. 

Each  \| /  contain  all  the  information  about  that  particular  quantum  state. 

❖  Atomic  Orbital  :  This  is  a  three  dimensional  space  around. the  nucleus  within  which  the 
probability  of  finding  the  electron  is  maximum. 

❖  Degenerate  Orbital :  Orbitals  with  same  value  of  n  and  of  same  sub  shell  are  degenerate 
orbitals. 


For  Ex.  2px)2py,  2pz  etc. 


❖  Radial  Probability  Density  =  4ji r2J?2(r) 

It  is  the  probability  of  finding  electron  in  the  region  between  r  and  r  +  dr 

❖  Radial  Node  :  It  is  zero  electron  density  region.  R2(r )  =  0  or  R(r)  =  0 

❖  Nodal  Point :  It  is  a  point  (r  =  0)  where  electron  density  is  zero. 

❖  Nodal  Planes  :  It  is  plane  by  which  two  lobes  are  separated  and  electron  density  is  zero 
-  here. 

Quantum  Number 

Four  types  of  quantum  number  which  are  following  : 

❖  Principal  quantum  number  (n)  :  It  determine  the  size  of  an  orbital.  Each  value  of  n 

represents  a  shell  of  orbital.  Possible  values  of  n  =  1,  2,  3,  4, . 

❖  Azimuthal  quantum  number  (1)  :  It  determine  shape  of  an  orbital.  Each  value  of  1 

represents  a  subshell  of  an  orbital.  Possible  values  of  l  =  0,1,  2, . (n  - 1) 

❖  Magnetic  quantum  number  (m) :  It  decides  orientation  of  orbital  in  space. 

Possible  values  of  m  =  -l,  - 1  + 1, . 0,  1,2,1 

Total  (21  + 1)  value. 

❖  Spin  quantum  number  (s)  :  It  is  intrinsic  property  of  an  electron.  The  electron  has  two 

spin  states.  Possible  values  of  s  =  + — ,  -  — 

2  2 

Shell,  sub-shells  and  orbitals  present 

Shell  (n)  Sub-shells  (1) 

1  0 

3 

o' 

1  • 

2 


Orbitals  (m) 
0 

0  1 
±i,oj 

0 

±1,0- 
±2,  ±  1,  0 


3. 


Important  Points  on  Quantum  Number 

❖  Orbital  angular  momentum  =  —  ^//(Z  +  1) 


❖  Spin  angular  momentum  =  —  ^S(S  + 1) 

❖  Spin  Magnetic  moment  (p)  -  ■> /n(n  +  2)  B.M.  ;  n  =  number  of  unpaired  electron 

❖  Maximum  number  of  electrons  in  a  shell  =  2 n2 

❖  Maximum  number  of  electrons  in  a  subshell  =  2(2Z  +  1) 

❖  Maximum  number  of  electrons  in  an  orbital  =  2 

❖  Total  number  of  orbitals  in  a  subshell  =  2Z  + 1 

❖  Number  of  subshells  in  a  shell  =  n 

❖  Number  of  orbitals  in  a  shell  -n2 

❖  Radial  Nodes  =  (n  - 1  - 1) 

❖  Angular  nodes  =  Z 

❖  Total  nodes  -  (n  - 1) 

❖  Azimuthal  quantum  number  0  1  .2  3  4 

Name  of  sub-shell  >  s  p  d  f  g 
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Pauli’s  Exclusion  Principle 

No  two  electrons  in  an  atom  can  have  the  same  set  of  all  the  four  quantum  numbers,  i.e.,  an 
orbital  cannot  have  more  than  2  electrons  because  three  quantum  numbers,  (principal,  azimuthal 
and  magnetic)  at  the  most  may  be  same  but  the  fourth  must  be  different,  i.  e. ,  spins  must  be  in 
opposite  directions. 

'  t 

Aufbau  Principle 

Electrons  are  filled  in  various  orbitals  in  order  of  their  increasing  energies.  An  orbital  of  lowest 
energy  is  filled  first.  The  sequence  of  orbitals  in  order  of  their  increasing  energy  is  : 

Is,  2s,  2 p,  3s,  3p,  4s,  3d,  4p,  5s,  4d,  5  p,  6s,  4/,  5 d,  6 p,  7s,  5 /,  6d  , . 

The  energy  of  the  orbitals  is  governed  by  (n  +  l )  rule.  ! 

Hund’s  Rule 

No  electron  pairing  takes  place  in  the  orbitals  in  a  sub  energy  shell  until  each  orbital  is  occupied 
by  an  electron  with  parallel  spin.  Exactly  half  filled  and  fully  filled  orbitals  make  the  atoms  more 
stable,  i.e.,  p3,p6,d5,d10/7  and  f14  configurations  are  more  stable. 


1.  Which  of  the  following  pair  is  isodiaphers? 

(a)  \AC  and  f?Na  (b)  &Mg  and  ffNa 

(c)  42 He  and  fO  (d)  fc  and  }SN 

2.  Which  of  the  following  does  not  characterise  X-rays? 

(a)  The  radiation  can  ionise  the  gas 

(b)  It  causes  fluorescence  effect  on  ZnS 

(c)  Deflected  by  electric  and  magnetic  fields  •  * 

(d)  Have  wavelength  shorter  than  ultraviolet  rays 

3.  '  The  ratio  of  specific  charge  of  a  proton  and  an  a-particle  is 

.  (a)  2  :  1  (b)  1  :  2  (c)  1  :  4  (d)  1  :  1 

4.  The  increasing  order  for  the  values  of  e/m  (charge/mass)  is  : 

(a)  e,  p,  n,  a  (b)  n,  p,  e,  a  (c)  n,  p,  a,  e  (d)  n,  a,  p,  e 

5.  The  mass  to  charge  ratio  (m/e)  for  a  cation  is  1.5  x  10-8  kg/C.  What  is  the  mass  of  this  atom? 

(a)  2.4  x  10'19  g  (b)  2.4  x  10"27  g  (c)  2.4  x  10"24  g  (d)  None  of  these 

6.  Rutherford’s  experiment  on  scattering  of  alpha  particles  showed  for  the  first  time  that  atom 
has  : 

(a)  Electrons  (b)  Protons  (c)  Nucleus  (d)  Neutrons 

7.  a-partides  are  represented  by 

(a)  Lithium  atoms  (b)  Helium  nudei  (c)  Hydrogen  nudei  (d)  None  of  these 


8.  In  Bohr’s  stationary  orbits 

(a)  Electrons  do  not  move 

(b)  Electrons  move  emitting  radiations 

(c)  Energy  of  the  electron  remains  constant 

(d)  Angular  momentum  of  the  electron  is  h/2it 

9.  On  the  basis  of  Bohr’s  modd,  the  radius  of  the  3rd  orbit  is 

(a)  Equal  to  the  radius  of  first  orbit  (b)  Three  times  the  radius  of  first  orbit 

(c)  Five  times  the  radius  of  first  orbit  (d)  Nine  times  the  radius  of  first  orbit 

10.  The  correct  expression  derived  for  the  energy  of  an  electron  in  the  nth  energy  level  is  for 
H-atom 


(a)  En 


2 x2me4 
__ 


(b)£„=- 


7t2me4 


(<$En 


2n  2me2 


(d)  En 


2i r2me4 
~^hr 


11.  Ionization  energy  for  hydrogen  atom  in  ergs.  Joules  and  eV  respectively  is 

(a)  2L8x  10"12,218x  10'20,ia6  (b)  13.6x  218x  10'2°,2L8x  10"13 

(c)  21.8  x  10-2°,  13.6, 21.8  x  1(T13  (d)  21.8  x  10"13, 13.6^  21.8 x  10_2° 


12.  For  any  H  like  system,  the  ratio  of  vdodties  of  I,  II  &  III  orbit  i.  e.,V-l:V2'-  V3  will  be 
(a)  1:2:3  (b)  1  :  1/2  :  1/3  (c)  3  :  2  :  1  (d)  1  :  1  :  1 


13.  The  volume  of  nucleus  is  about : 

(a)  104  times  to  that  of  an  atom  (b)  1015  times  to  that  of  an  atom 

(c)  10  times  to  that  of  an  atom  (d)  10-10  times  to  that'of  an  atom 


14.  An  electron  in  an  atom  jumps  in  such  a  way  that  its  kinetic  energy  changes  from  x  to  — .  The 

.  .  4 

change  in  potential  energy  will  be  : 

W  +  |  *  (b)  -f  x  (c)  +  |  x  (d)  -  -  x 

^  o  4  4 

15.  The  potential  energy  of  an  electron  in  the  hydrogen  atom  is  —6.8  eV.  Indicate  in  which  excited 
state,  the  electron  is  present? 

(a)  first  (b)  second  (c)  third  (d)  fourth 

16.  What  is  the  potential  energy  of  an  electron  present  in  AT-shell  of  the  Be^  ion? 

(a)  -3.4  eV  (b)  -6.8  eV  (c)  -13.6  eV  (d)  -27.2  eV 

17.  The  kinetic  and  potential  energy  (in  eV)  of  electron  present  in  third  Bohr’s  orbit  of  hydrogen 
atom  are  respectively  : 

(a)  -1.51,-3.02  (b)  1.51,-3.02  (c)  -3.02, 1.51  (d)  1.51, -1.51 

18.  The  distance  between  4th  and  3rd  Bohr  orbits  of  He+  is  : 

(a)  2.645  x  10‘10  m  (b)  1.322  x  10'10  m  (c)  1.851  x  10“10  m  (d)  None 

19.  What  atomic  number  of  an  element  “X”  would  have  to  become  so  that  the  4th  orbit  around  X 
would  fit  inside  the  1st  Bohr  orbit  of  H  atom  ? 

(a)  3  (b)  4  (c)  16  (d)  25 

20.  The  ratio  of  velocity  of  the  electron  in  the  third  and  fifth  orbit  of  Li2+  would  be  : 

3:5  (b)  5  :  3  (c)  25  :  9  (d)  9  25 

21.  If  radius  of  second  stationary  orbit  (in  Bohr’s  atom)  is  R.  Then  radius  of  third  orbit  will  be  : 

(a)  K/3  (b)  9R  (c)  R/9  (d)  2.25  R 

22.  Which  state  of  Be3+  has  the  same  orbit  radius  as  that  of  the  ground  state  of  hydrogen  atom? 

(a)  3  (b)  2  (c)  4  (d)  5 


23.  Select  the  incorrect  graph  for  velocity  of  e~  in  an  orbit  vs.  Z,  -  and  n  : 


(a) 


(b) 


24.  What  is  the  frequency  of  revolution  of  electron  present  in  2nd 

/■_>  a i  /-  i  0.I6  .-'I  ^  ..  _  -i 


(a)  1.016  x  1016  s"1  (b)  4.065  x  1016  s_1 

(c)  1.626  x  1015  s'1  (d)  8.2  x  lO14  s'1 

25.  An  electron  travels  with  a  velocity  of  x  ms-1.  For  a  proton  to  have  the  same  de-Broglie 


wavelength,  the  velocity  will  be  approximately  : 
f  ,  1840  _ .  x 

(a)~T  (b)IS55  (c)184°* 


(d)  x 


26.  According  to  Bohr’s  atomic  theory,  which  of  the  following  is  correct  ? 

2  2 

(a)  Potential  energy  of  electron  oc  — 

n 

(b)  The  product  of  velocity  of  electron  and  principle  quantum  number  (n)  oc  Z‘ 

Z2 

(c)  Frequency  of  revolution  of  electron  in  an  orbit  cc  — — 


(d)  Coulombic  force  of  attraction  on  the  electron  « ■ 


27. 


28. 


29. 


Number  of  waves  produced  by  an  electron  in  one  complete  revolution  in  n  orbit  is  : 

(a)  n  (b)  n2  (c)  (n  +  1)  (d)  (2 n  +  1) 

Electronic  transition  in  He+  ion  takes  from  n2  to  shell  such  that  : 

2n2  +  3^  =18 

2n2  -3n1  =6  ’s 

What  will  be  the  total  number  of  photons  emitted  when  electrons  transit  to  nr  shell  ? 

(a)  21  (b)  15  (c)  20  (d)  10 

Which  of  the  following  expressions  represents  the  spectrum  of  Balmer  series  (If  n  is  the  • 

principal  quantum  number  of  higher  energy  level)  in  Hydrogen  atom  ? 


,  ,  _  R(n  -l)(n  + 1)  _i 
(a)  v  = - - - cm 

n 

,  ,  -  R  (n  -  2)(n  +  -2)  _! 

(c)  v  = - - - cm 


a»  v- 

4 n2 

_  R(n  -l)(n  +  1)  _i 
(d)  v  = - — - cm 


n~  4n 

30.  Multiple  of  fine  structure  of  spectral  lines  is  due  to 

(a)  Presence  of  main  energy  levels  (b)  Presence  of  sub-levels 

(c)  Presence  of  electronic  configuration  (d)  Is  not  a  characteristics  of  the  atom 

3 1 .  Which  of  the  following  statement  does  not  form  part  of  Bohr’s  model  Of  the  hydrogen  atom  ? 

(a)  Energy  of  the  electrons  in  the  orbit  is  quantized 

(b)  The  electron  in  the  orbit  nearest  the  nucleus  has  the  lowest  energy 

(c)  Electrons  revolve  in  different  orbits  around  the  nucleus 

(d)  The  position  and  velocity  of  the  electrons  in  the  orbit  cannot  be  determined 
simultaneously 

32.  With  increasing  principle  quantum  number,  the  energy  difference  between  adjacent  energy 
levels  in  H-atom: 

(a)  decreases 

(b)  increases  . 

(c)  remains  constant 

(d)  decreases  for  low  value  of  Z  and  increases  for  higher  value  of  Z. 

33.  What  is  the  separation  energy  (in  eV)  for  Be3+  in  the  first  excited  state  in  eV? 

(a)  13.6  eV  (b)  27.2  eV  (c)  40.8  eV  (d)  54.5  eV 

34.  If  in  Bohr’s  model,  for  unielectronic  atom,  time  period  of  revolution  is  represented  as  T^z 
where  n  represents  shell  no.  and  Z  represents  atomic  number  then  the  value  of  2  :  Tz  j  will 

'  be  : 

(a)  8  :  1  (b)  1  :  8  (01:1 


(d)  1  :  32 


72" 


35. 


PROBLEMS  IN  CHEMISTRY 


36. 


Which  of  the  following  is  discreted  in  Bohr’s  theory? 

(a)  Potential  energy  (b)  Kinetic  energy 

(c)  Velocity  (d)  Angular  momentum 

What  is  the  ratio  of  time  periods  (Tl/T2)in  second  orbit  of  hydrogen  atom  to  third  orbit  of  He+ 
ion? 

(a)  8/27  (b)  32/27  (c)  27/32  (d)  None  of  these 

37.  Be3*  and  a  proton  are  accelerated  by  the  same  potential,  their  de-Broglie  wavelengths  have 
the  ratio  (assume  mass  of  proton  =  mass  of  neutron)  : 

(a)  1  :  2  (b)  1  :  4  (c)  1  :  1  (d)  1 :  3>/3 

The  mass  of  an  electron  is  m,  charge  is  e  and  it  is  accelerated  from  rest  through  a  potential 

difference  of  V  volts.  The  velocity  acquired  by  electron  will  be  : 


38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 


(a) 


JI 


(b)  J— 

V  m 


(c) 


2eV 
V  m 


(d)  zero 


(b)  line  spectrum 

(d)  any  one  of  the  above 


The  spectrum  produced  from  an  element  is 
(a)  atomic  spectrum 
(c)  absorption  spectrum 
Line  spectra  is  characteristic  of : 

.  (a)  molecules  (b)  atoms  (c)  radicals  (d)  none  of  these 

If  the  ionization  energy  of  He*  is  19.6  x  10-18  J  per  atom  then  the  energy  of  Be3*  ion  in  the 
second  stationary  state  is  : 

(a)  -4.9  x  1(T18  J  (b)  -44.1  x  10-18  J  (c)  -11.025  x  10~18  J  (d)  None  of  these 

Find  the  value  of  wave  number  (v)  in  terms  of  Rydberg’s  constant,  when  transition  of  electron 
takes  place  between  two  levels  of  He*  ion  whose  sum  is  4  and  difference  is  2 

32 R  3 r 

ft*)  — —  (c)  —  (d)  none  of  these 
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A  H-atom  moving  at  a  speed  (v)  absorbs  a  photon  of  X  =  122  nm  and  stops.  What  was  the  speed 
of  H-atom?  (/i  =  6.63  x  10‘34  J  -  s) 

(a)  0.325  m/s  (b)  1  m/s  (c)  2.5  m/s  (d)  3.25  m/s 

Assume  that  2  x  10"17  J  of  light  energy  is  needed  by  the  interior  of  the  human  eye  to  see  an 

object.  How  many  photons  of  yellow  light  with  X  =  595.2  nm  are  needed  to  generate  this 
minimum  energy? 

(a)  6  (b)  30  (c)  45  (d)  60 

Which  graph  shows  how  the  energy  E  of  a  photon  of  light  is  related  to  its  wavelengths  (1)  ? 


1 


) 


46.  The  mass  of  a  particle  is  1CT10  g  and  its  radius  is  2  x  10“4  cm.  If  its  velocity  is  10  6  cm  sec"1 
with  0.0001%  uncertainty  in  measurement,  the  uncertainty  in  its  position  is  : 

(a)  5.2  x  10~8  m  (b)5.2xl0"7m  (c)5.2xl0"6m  (d)5.2xl0~9 

47.  If  an  electron  is  travelling  at  200  m/s  within  1  m/s  uncertainty,  what  is  the  theoretical 
uncertainty  in  its  position  in  pm  (micrometer)? 

(a)  14.5  (b)  29  (c)  58  (d)  114 

48.  The  energy  of  the  second  Bohr  orbit  in  the  hydrogen  atom  is  -3.41  eV.  The  energy  of  the 
second  Bohr  orbit  of  He+  ion  would  be  : 

(a)  -0.85  eV  (b)  -13.64  eV  (c)  -1.70  eV  (d)  -6.82  eV 

49.  Which  of  the  following  statement(s)  is/are  consistent  with  the  Bohr  theory  of  the  atom  (and 
no  others)? 

(1)  An  electron  can  remain  in  a  particular  orbit  as  long  as  it  continuously  absorbs  radiation  of 
a  definite  frequency. 

(2)  The  lowest  energy  orbits  are  those  closest  to  the  nucleus. 

(3)  All  electrons  can  jump  from  the  K  shell  to  the  M  shell  by  emitting  radiation  of  a  definite 

frequency.  /. 

(a)  1,  2,  3  (b)  2  only  (c)  3  only  (d)  1,  2 

50.  Wavelength  for  high  energy  EMR  transition  in  H-atom  is  91  nm.  What  energy  is  needed  for  this 
transition? 

(a)  1.36  eV  (b)  1240  eV  (c)  13  eV  (d)  13.6  eV 

51.  The  ionization  potential  for  the  electron  in  the  ground  state  of  the  hydrogen  atom  is  13.6  eV 
atom"1.  What  would  be  the  ionization  potential  for  the  electron  in  the  first  excited  state  of 

Li2"? 

(a)  3.4  eV  (b)  10.2  eV  (c)  30.6  eV  (d)  6.8  eV 

52.  What  is  the  energy  content  per  photon  (J)  for  light  of  frequency  4.2  x  1014? 

(a)  2.8  x  10"21  (b)  2.5  x  10"19  (c)  2.8  x  10"19  (d)  2.5  x  10"18 

53.  What  is  the  wavelength  in  nm  of  the  spectral  line  associated  with  a  transition  from  n  -  3  to 
n  =  2  for  the  Li2+  ion? 

(a)  219  (b)  656  (c)  73.0,  (d)  486 

54.  What  is  the  energy  (kJ/mol)  associated  with  the  de-excitation  of  an  electron  from  n  =  6  to 
n  =  2  in  He+  ion? 

(a)  1.36 x  IQ6  (b)  1 .36 x  103  (c)1.16xl03  (d)1.78xl03 

55.  The  momentum  (in  kg-m/s)  of  photon  having  6  MeV  energy  is  : 

(a)  3.2x10  21  (b).  2.0  (c)  i.6x  l0~21  (d)  none  of  these 


56.  The  H-spectrum  show: 

(a)  Heisenberg’s  uncertainty  principle 
(c)  Polarization 

57.  The  energy  of  an  electron  moving  in  n th 


(b)  Diffraction 

(d)  Presence  of  quantized  energy  level 

—13  6 

Bohr’s  orbit  of  an  element  is  given  by  En  =  — Z  2 

nz 


eV/atom  (Z  =  atomic  number).  The  graph  of  £  vs.  Z2  (keeping  “n”  constant)  will  be  : 


58.  If  e0  be  the  permittivity  of  vacuum  and  r  be  the  radius  of  orbit  of  H  -atom  in  which  electron  is 
revolving  then  velocity  of  electron  is  given  by  : 

*  ™ _  nzrzz:  ..  _  ..  _ 


j4ne0rm 


(b)  v  =  e  x  J4ns0rm  (c)  v  =  - 


(d)  v  = 


59.  What  is  the  shortest  wavelength  line  in  the  Paschen  series  of  Li2+  ion? 

,  v  R  9  ,  ,  1  r~  9R 

(a)  ?  00  J  (c)  R  d)  T 

60.  What  is  the  maximum  wavelength  line  in  the  Lyman  series  of  He+  ion? 


(a)  3 R 


(b)  i~ 

3 R 


(d)  None  of  these 


61.  Splitting  of  spectral  lines  under  the  influence  of  magnetic  field  is  called 
(a)  Zeeman  effect  (b)  Stark  effect 

(c)  Photoelectric  effect  (d)  None  of  these 


62.  The  colour  of  sky  is  due  to  J 

(a)  Absorption  of  light  by  atmospheric  gases  (b)  Transmission  of  light 

(c)  Wavelength  of  scattered  light  (d)  All  of  the  above 

63.  In  photoelectric  effect,  the  kinetic  energy  of  photoelectrons  increases  linearly  with  the 

(a)  Wavelength  of  incident  light  (b)  Frequency  of  incident  light 

(c)  Velocity  of  incident  light  (d)  Atomic  mass  of  an  element 

64.  Slope  of  V0  vs  v  curve  is  (where  V0  =  Stopping  potential,  v  =-  subjected  frequency) 

(a)  e  (b)  —  (c)  <(»  (d)  h 

e 


65.  According  to  Einstein’s  photoelectric  equation,  the  graph  between  kinetic  energy  of 
photoelectrons  ejected  and  the  frequency  of  the  incident  radiation  is  : 


66.  The  photoelectric  emission  from  a  surface  starts  only  when  the  light  incident  upon  the  surface 
has  certain  minimum  : 

(a)  intensity  (b)  wavelength  (c)  frequency  (d)  velocity 

67.  If  X0  and  X  be  the  threshold  wavelength  and  the  wavelength  of  incident  light,  the  velocity  of 
photo-electrons  ejected  from  the  metal  surface  is  : 


68.  A  light  source  of  wavelength  X  illuminates  a  metal  and  ejects  photo-electrons  with 
(K.E.)raax=leV 

X 

Another  light  source  of  wavelength  ejects  photo-electrons  from  same  metal  with 


(K.  E.  )max  =4eV 


Find  the  value  of  work  function? 


(a)  1  eV  (b)  2  eV  (c)  0.5  eV  (d)  None  of  these 

69.  Electromagnetic  radiation  having  X  =  310  A  is  subjected  to  a  metal  sheet  having  work  function 

=  12.8  eV.  What  will  be  the  velocity  of  photo-electrons  having  maximum  kinetic  energy. 

(a)  0,  no  emission  will  occur  (b)  4.352  x  10°  m/s 

(c)  3.09  x  106  m/s  (d)  8.72  x  106  m/s 

70.  The  ratio  of  slopes  of  Kmax  vs.  v  and  V0  vs.  v  curves  in  the  photoelectric  effect  gives  (v  = 

frequency,  Kmax  =  maximum  kinetic  energy,  V0  =  stopping  potential)  : 

(a)  charge  of  electron 

(b)  Planck’s  constant 

(c)  work  function 

(d)  the  ratio  of  Planck’s  constant  of  electronic  charge 

71.  Radiation  corresponding  to  the  transition  n=4ton=2in  hydrogen  atoms  falls  on  a  certain 

metal  (work  function  =  2.5  eV).  The  maximum  kinetic  energy  of  the  photo-electrons  will  be  : 
(a)  0.55  eV  (b)  2.55  eV  (c)  4.45  eV  (d)  None  of  these 

72.  Select  the  incorrect  statement : 

(a)  K.E.  of  photo-electron  does  not  depend  upon  the  wavelength  of  incident  radiation 

(b)  Photoelectric  current  depends  on  intensity  of  incident  radiation  and  not  on  frequency 

(c)  Stopping  potential  depends  on  frequency  of  radiation  and  not  on  intensity 

(d)  None  of  these 


The  de-Broglie  wavelength  of  an  electron  accelerated  by  an  electric  field  of  V  volts  is  given  by : 


(a)  X  =  ■ 


(c)  X  =  - 


(d)  X  =  - 


nm 


V 


IPROBLEMS  IN  CHEMISTRY 


74.  Which  is  the  de -Broglie  equation: 

(a)  h  =  pX  (b)  h  -  pXT1  (c)  h  =  Xp'1  (d)  h=  p  +  X 

75.  Which  of  the  following  has  the  largest  de  Broglie  wavelength  Call  have  equal  velocity) 

(a)  CO  2  molecule  (b)  NH3  molecule  (c)  Electron  (d)  Proton  £ 

76.  -yfv  on  two  particles  A  and  B  are  plotted  against  de-Broglie  wavelengths.  Where  V  is  the 
potential  on  the  particles.  Which  of  the  following  relation  is  correct  about  the  mass  of 
particles? 


(a)  mA  =  mB  (b)  mA  >  mB  (c)  mA  <  mB  (d)  mA  <  mB 

77.  Which  of  following  graphs  correctly  represents  the  variation  of  particles  momentum  with 
de-Broglie  wavelength  ? 


79.  A  dye  absorbs  a  photon  of  wavelength  X  and  re-emits  the  same  energy  into  two  photons  of 
wavelengths  A.x  and  X2  respectively.  The  wavelength  X  is  related  with  Xl  and  X2  as  : 

w  +  (b)  ^  i  i  _ _ hh _ 


(a)  ?l  = 


+  A-2 


(C)  X  = 


^*1  ^2 


(d)  = 


Oi  +  x 2y 


80.  Which  of  the  following  electron  transitions  in  a  hydrogen  atom  will  require  the  largest  amount 
of  energy? 

(a)  from  n  =  1  to  n  =  2 
(c)  from  n  =  5  to  n  =  1 


(b)  from  n  =  2  to  n  -  4 
(d)  from  n  =  3  to  n  =  5 


If  a0  be  the  radius  of  first  Bohr’s  orbit  of  H-atom,  the  de-Broglie’s  wavelength  of  an  electron 
revolving  in  the  second  Bohr’s  orbit  will  be  : 

(a)  6rra0  (b)  4rra0  (c)  2na0  (d)  None  of  these 

Which  electronic  transition  in  a  hydrogen  atom,  starting  from  the  orbit  n  =  7,  will  produce 
infrared  light  of  wavelength  2170  nm?  (Given  :  Ru  =  1.09677  x  107  m_1) 

(a)  n  =  7  to  n  =  6  (b)  n  =  7  to  n  =  5  (c)  n  =  7  to  n  =  4  (d)  n  =  7  to  n  =  3 

A  hydrogen  atom  in  the  ground  state  is  excited  by  monochromatic  radiation  of  wavelength  XA. 
The  resulting  spectrum  consists  of  maximum  15  different  lines.  What  is  the  wavelength  X? 
(Rh  =109737  cm-1) 

(a)  937.3  A  (b)  1025  A  (c)  1236  A  (d)  None  of  these 

In  any  subshell,  the  maximum  number  of  electrons  having  same  value  of  spin  quantum 
number  is  : 

(a)  Vffl  +  1)  (b)  l  +  2  (c)  21  +  1  (d)  41  +  2 

The  number  of  photons  of  light  having  wave  number  V  in  10  J  of  energy  source  is  : 

(a)  10/icx  (b)  (c)  -i5-  (d)  None  of  these 

lOx  hex 

Which  of  the  following  relates  to  photons  both  as  wave  motion  and  as  a  stream  of  particles? 

(a)  Interference  (b)  E  =mc2  (c)  Diffraction  (d)  E  =hv 

Electromagnetic  radiation  (photon)  with  highest  wavelength  results  when  an  electron  in  the 
hydrogen  atom  falls  from  n  =  6  to  : 

(a)  n  =  1  (b)n=2  (c)n  =  3  (d)n  =  5 

Energy  required  to  ionise  2  mole  of  gaseous  He+  ion  present  in  its  ground  state  is  : 

(a)  54.4  eV  (b)  108.8  NA  eV  (c)  54.4  NA  eV  (d)  108.8  eV 

Which  of  the  following  is  the  most  correct  expression  for  Heisenberg’s  uncertainty  principle  ? 

(a)  Ax.  Ap  =  —  (b)  Ax.  A p  >  —  (c)  Ax.  Ap  <  —  (d)  Ax.  Av  =  — 

4  7i  4n  4tt  4tz 

The  Heisenberg  uncertainty  principle  can  be  applied  to 

(a)  A  cricket  ball  (b)  A  foot  ball  (c)  A  jet  aeroplane  (d)  An  electron 

The  wave  character  of  electron  was  experimentally  verified  by 

(a)  De-Broglie  (b)  A.  Einstein  (c)  Germer  (d)  Schrodinger 

“The  exact  path  of  electron  in  2p-orbital  cannot  be  determined.”  The  above  statement  is  based 
upon 

(a)  Hund’s  Rule  (b)  Bohr’s  Rule 

(c)  Uncertainty  principle  (d)  Aufbau  principle 

Which  series  of  subshells  is  arranged  in  the  order  of  increasing  energy  for  multi-electron 
atoms? 

(a)  6s,  4/,  5d,  6 p  (b)  4/,  6s,  5d,  6 p  (c)  5d,  4/,  6s,  6p  (d)  4/,  5 d,  6s,  6p 

The  correct  Schrodinger’s  wave  equation  for  a  electron  with  total  energy  E  and  potential 
energy  V  is  given  by 


,  ,  3  f  d  w  d  w  8  ir 
(a)  +  — r  +  — x  + : 


(E-V)y  =  0 


a„£r+«!i+£s;+82i(£-10t.o 


(E  -  V)\|/  =  0  (d)  None  of  the  above 


95. 


96. 


(c) 


d2y  S2\|/  d2\ \i  8? i2m 

- —  H - —  + - —  + - 

8x2  dy2  dz2  h2 


Wave  mechanical  model  of  the  atom  depends  upon 

(a)  De-Broglie  concept  of  dual  nature  of  electron 

(b)  Heisenberg  uncertainty  principle  / 

(c)  Schrodinger  uncertainty  principle  / 


(d)  All 

\|/2(r,  0,  <j>)  represents:  (for  schrodinger  wave  mechanical  model) 


(a)  Amplitude  of  electron  wave 

(b)  Probability  density  of  electron 

(c)  Total  probability  of  finding  electron  around  nucleus 

(d)  Orbit 

97.  Radial  amplitude  of  electron  wave  can  be  represented  by 

(a)R(r)  (b)  i?2(r)  (c)  4*r2 


(d)  4jtr2R2(r) 


98.  Arrange  the  orbitals  of  H-atom  in  the  increasing  order  of  their  energy 
3 px ,  2s,  4 dxy  ,3s,  4 pz  ,3py  ,4s 

(a)  2s  <  3s  =  3px  =  3 py  <4 s  =  4pz  =  4d^ 

(b)  2s  <  3s  <  3 px  =  3 py  <  4s  =  4 pz  =  4dxy 

(c)  2s  <  3s  <  3 px  =  3 py  <  4s  =  4pz  =  4 d^ 

(d)  2s  <  3s  <  3 px  =  3 py  <  4s  <  4p2  <  Ad^ 

99.  Which  of  the  following  orbitals  in  hydrogen  atom  is  closer  to  the  nucleus? 

(a)  5/  (b)  6d  (c)  7s  (d)  7p 

100.  The  radii  of  maximum  probability  for  3s,  3p  and  3d  electrons  are  in  the  order  : 

(a)  (rmax)3d  > 

(^rnax  )  3p  >  (rmax  )  35  ^max  )  3d  ^  ^max  ^  3s  ^  ^max  )  3 p 

Cc)  (rmax) 3,  >(rmax)3p  >(rmax)3d  (d)  None  of  these 

101.  The  correct  order  of  penetrating  power  of  3s,  3 p,  3d  electrons  is  : 

(a)  3d  >  3p  >  3s  (b)  3s  >  3p  >  3d  (c)  3s  >  3d  >  3p  (d)  3d  >  3s  >  3p 

102.  The  correct  order  of  total  number  of  node  of  atomic  orbitals  is: 

(a)  4 f  >6$  >5d  (b)  6s  >  5d  >  4/ 

(c)  4/  >  5d  >  6s  (d)  5d  >  4/  >  6s 

103.  If  the  subsidiary  quantum  number  of  a  subenergy  level  is  4,  the  maximum  and  minimum 
values  of  the  spin  multiplicities  are  : 

(a)  9,  1  (b)  10,  1  (c)  10,  2  (d)  4,  -4 

104.  Which  two  orbitals  are  located  along  the  axis,  and  not  between  the  axis? 

(a)  d^,  dz2  (b)  dxy,  pz  (c)  d^,  px  (d )pz,dx2  y2 

105.  In  a  set  of  degenerate  orbitals  the  electrons  distribute  themselves  to  retain  similar  spins  as  far 
as  possible.  This  statement  is  attributed  to 

(a)  Pauli’s  exclusion  principle 

(b) Aufbau  principle 

(c)  Hund’s  Rule 

(d)  Slater  rule 


106.  Which  of  the  following  rules  could  explain  the  presence  of  three  unpaired  electrons  in 
N-atom? 

(a)  Hund’s  rule  (b)  Aufbau’s  principle  , 

(c)  Heisenberg’s  uncertainty  principle  (d)  Pauli’s  exclusion  principle 

107.  Pauli’s  exclusion  principle  states  that: 

(a)  Nucleus  of  an  atom  contains  no  negative  charge 

(b)  Electrons  move  in  circular  orbits  around  the  nucleus 

(c)  Electrons  occupy  orbitals  of  lowest  energy 

(d)  All  the  four  quantum  numbers  of  two  electrons  in  an  atom  cannot  be  equal. 

108.  For  which  of  the  following  sets  of  quantum  numbers,  an  electron  will  have  the  highest  energy? 

n  l  m  s  n  l  m  s 

(a)  3  2  1  -1/2  (b)  4  3  -1  +1/2 

(c)  4  1  -1  +1/2  (d)  5  0  0  -1/2 

109.  Which  of  the  following  statements  concerning  the  four  quantum  numbers  is  false  ? 

(a)  n  gives  idea  of  the  size  of  an  orbital 

(b)  l  gives  the  shape  of  an  orbital 

(c)  m  gives  the  energy  of  the  electron  in  the  orbital 

(d)  s  gives  the  direction  of  spin  of  the  electron  in  an  orbital 

110.  Maximum  number  of  electrons  in  a  subshell  is  given  by 

(a)  (21  + 1)  (b)  2(2 1  + 1)  (c)  (21  + 1)2  (d)  2(21  + 1)2 

111.  The  orbital  angular  momentum  of  3 p  electron  is  : 

(a)  V3  h  (b)  +6  h  (c)  zero  (d)  V2  — 

2n 


112.  The  atomic  orbitals  are  progressively  filled  in  order  of  increasing  energy.  The  principle  is  called 
as: 

(a)  Hund’s  rule  (b)  Aufbau  principle 

(c)  Exclusion  principle  (d)  de-Broglie  rule 

113.  The  orbital  diagram  in  which  both  the  Pauli’s  exclusion  principle  and  Hund’s  rule  are  violated. 
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114.  Which  of  the  following  elements  is  represented  by  the  electronic  configuration  ? 

2p 


2s|  ti In  Ini 


!±U 

ti 


(a)  Nitrogen  (b)  Fluorine  (c)  Oxygen 

115.  The  ratio  of  magnetic  moments  of  Fe  (III)  and  Co  (II)  is  : 
(a)  V5  :  J7  (b)  V35  :  Vl5  (c)  7  :  3 


■um 


116.  If  the  electronic  structure  of  oxygen  atom  is  written  as  Is2, 2s2 

(a)  Hund’s  rule  (b)  Paulis  exclusion  principle 

(c)  Both  Hund’s  and  Pauli’s  principles  (d)  None  of  these 


(d)  fteon 

(d)  V24 :  Vl5 

it  would  violate 


117.  A  compound  of  vanadium  has  a  magnetic  moment  (p)  of  1.73  BM.  If  the  vanadium  ion  in  the 
compound  is  present  as  Vx+,  then,  the  value  of  x  is? 

(a)  1  (b)  2  (c)  3  (d)  4 

118.  d 6  configuration  will  result  in  total  spin  of: 

(a)  |  (b)  A  (c)  2  (d)  1 

2  2 

119.  The  probability  of  finding  electrons  in  orbital  is  : 

(a)  along  X-  and  7-axis  (b)  along  X-  and  Z-axis 

(c)  along  Y-  and  Z-axis  (d)  at  an  angle  of  45°  with  X-axis 

120.  The  correct  order  of  screening  effects  of  s,  p,  d,  f  sub-shells  is  : 

(a)  s  >  p  >  d  >  f  (b)  s  <  p  <  d  <  /  (c)  d  >  p  >  s  >  /  (d)  s  >  /  >  d  >  p 

121.  Read  the  following  statements  and  choose  the  correct  option: 

(I)  If  the  radius  of  the  first  Bohr  orbit  of  hydrogen  atom  is  r,  then  radius  of  2nd  orbit  of  Li2+ 
would  be  4r 

(II)  For  s-orbital  electron,  the  orbital  angular  momentum  is  zero 

(a)  only  I  is  correct  (b)  only  II  is  correct  (c)  both  are  correct  (d)  both  are  incorrect 

122.  The  quantum  numbers  of  four  electrons  (el  to  e4)  are  given  below  :  /' 

n  l  m  s  n  l  .  m  s 

el  3  0  0  +1/2  e2  4  0  0  1/2 

e3  3  2  2  -1/2  e4  3  1  -1  1/2 

The  correct  order  of  decreasing  energy  of  these  electrons  is  : 

(a)  e4  >  e3  >  e2  >  el  (b)  e2  >  e3  >  e4  >  el  (c)  e3  >  e2  >  e4  >  el  (d)  el  >  e4  >  e2  >  e3 

123.  The  energy  of  an  electron  of  2 py  orbital  is 

(a)  Greater  than  2 px  orbital  (b)  Less  than  2 pz  orbital 

(c)  Equal  to  2s  orbital  (d)  Same  as  that  of  2 px  and  2 pz  orbital 

124.  How  do  the  energy  gaps  between  successive  electron  energy  levels  in  an  atom  vary  from  low  to 
high  n  values? 

(a)  All  energy  gaps  are  the  same 

(b)  The  energy  gap  decreases  as  n  increases 

(c)  The  energy  gap  increases  as  n  increases 

(d)  The  energy  gap  changes  unpredictably  as  n  increases 

125.  When  an  electron  jumps  from  L  to  K  shell  - 

(a)  Energy  is  absorbed 

(b)  Energy  is  released 

(c)  Energy  is  neither  absorbed  nor  released 

(d)  Energy  is  sometimes  absorbed  and  some  times  released 

126.  The  number  of  unpaired  valence  electrons  in  an  atom  of  phosphorus  is  : 

(a)  0  (b)  2  (c)  3  (d)  4 

127.  Which  quantum  number  defines  the  orientation  of  orbital  in  the  space  around  the  nucleus? 

(a)  Principal  quantum  number  (n)  (b)  Angular  momentum  quantum  number 

(c)  Magnetic  quantum  number  (m; )  (d)  Spin  quantum  number  (ms ) 

128.  What  is  the  maximum  number  of  electrons  in  an  atom  that  can  have  the  quantum  numbers 
n  =  3  and  I  =  2? 

(a)  2 


(b)  5 


(c)  6 


(d)  10 


129.  Which  of  the  following  statements  about  an  electron  with  m(  =  +  2  is  incorrect? 

(a)  The  electron  could  be  in  the  third  shell  (b)  The  electron  is  in  a  non-spherical  orbital 

(c)  The  electron  may  have  ms  -  (d)  The  electron  is  not  in  a  d-orbital 

130.  Which  of  the  following  set  of  quantum  numbers  is  impossible  for  an  electron? 

(a)  n  =  1,  l  =  0,  ml  =  0,  ms  =  +  —  (b)  n  -  9,  l  =  7,  ml  =  ~  6,  ms  =  ~~ 

2  2 

(c)  n  =  2,  Z  =  1,  m,  =  0,  ms  =  +  i  (d)  n  =  3,  l  =  2,  m,  =  -3,  ms  =  +  i 

131.  In  a  3d  subshell,  all  the  five  orbitals  are  degenerate.  What  does  it  mean? 

(a)  All  the  orbitals  have  the  same  orientation. 

(b)  All  the  orbitals  have  the  same  shape. 

(c)  All  the  orbitals  have  the  same  energy. 

(d)  All  the  orbitals  are  unoccupied. 

132.  Which  of  the  following  subshell  can  accommodate  as  many  as  10  electrons? 

(a)  2d  (b)  3d  (c)  3 d^  (d) 

133.  Which  of  the  following  statements  is  correct  for  an  electron  having  azimuthal  quantum 
number  1  =  21 

(a)  The  electron  may  be  in  the  lowest  energy  shell. 

(b)  The  electron  is  in  a  spherical  orbital. 

(c)  The  electron  must  have  spin  ms  =  +  ^ 

(d)  The  electron  may  have  a  magnetic  quantum  number  =  - 1 

134.  Which  of  the  following  statements  is  incorrect? 1 

(a)  The  concepts  of  “penetration”  and  “shielding”  are  important  in  deciding  the  energetic 
ordering  of  orbitals  in  multi-electron  atoms 

(b)  A  wave-function  can  have  positive  and  negative  values 

(c)  “Radial  nodes”  can  appear  in  radial  probability  distribution  functions 

(d)  The  absolute  size  of  an  orbital  is  given  by  the  principal  quantum  number. 

135.  For  4py  orbital:  There  are 

nodal  plane  =....and  azimuthal  quantum  number  l  = 

(a)  1,0  (b)  0,1  (c)  1,1  (d)  2,1 

136.  Which  of  the  following  statement  is  correct? 

(a)  Number  of  angular  nodes  =  n  - 1  - 1 

(b)  Number  of  radial  nodes  =1 

(c)  Total  number  of  nodes  =  n  - 1 

(d)  All 

137.  Give  the  correct  order  of  initials  T  (True)  or  F  (False)  for  following  statements. 

(I)  If  electron  has  zero  magnetic  number,  then  it  must  be  present  in  s-orbital. 

(II)  In  QQ  [jT  11  orbital  diagram,  Pauli’s  exclusion  principle  is  violated.  ' 

(III)  Bohr’s  model  can  explain  spectrum  of  the  hydrogen  atom. 

(IV)  A  d-orbital  can  accommodate  maximum  10  electrons  only. 

(a)  TTFF  (b)  FFTF  (c)  TFTT  (d)  FFTT 


PROBLEMS  IN  CHEMISTRY 


138.  “No  two  electrons  in  an  atom  can  have  the  same  set  of  four  quantum  numbers”. 

This  principle  was  enunciated  by 

(a)  Heisenberg  (b)  Pauli  (c)  Maxwell  (d)  De-Broglie 

139.  The  orbital  diagraram  in  which  both  the  Pauli’s  exclusion  principle  and  Hund’s  rule  are 
violated  is  : 


140.  It  is  not  possible  to  explain  the  Pauli’s  exclusion  principle  with  the  help  of  this  atom. 

-  (a)  B  (b)  Be  (c)  C  (d)  H 

141.  The  subshell  that  arises  after /subshell  is  called  g  subshell. 

What  is  the  total  number  of  orbitals  in  the  shell  in  which  the  g  subshell  first  occur? 

(a)  9  (b)  16  (c)  25  (d)  36 

142.  If  hydrogen  atom  in  ground  state  is  passed- through  an  inhomogeneous  magnetic  field,  the 
beam  splits  in  two  parts.  This  interaction  with  magnetic  field  shows  : 

(a)  existence  of  ortho  and  para  hydrogen 

(b)  existence  of  magnetic  moment  associated  with  orbital  motion  of  electron 

(c)  existence  of  spin  magnetic  moment  of  electron 

(d)  existence  of  magnetic  moment  of  proton 

143.  In  iron  atom,  how  many  electrons  atom  have  n  =  3  and  /  =  2? 

la)  2  (b)  4  (c)  6  (d)  8 

144.  For  similar  orbitals  having  different  values  of  n  : . 

(a)  the  most  probable  distance  increases  with  increase  in  n 

(b)  the  most  probable  distance  decreases  with  increase  in  n 

(c)  the  most  probable  distance  remains  constant  with  increase  in  n 
'(d)  none  of  these 

145.  If  n  and  l  are  principal  and  azimuthal  quantum  numbers  respectively  then  the  expression  for 
calculating  the  total  number  of  electrons  in  any  energy  level  is  : 

(a)  £  2(21  +  1)  (b)  £  2(21  +  1)  (c)  £  (21  +  1)  (d)  ~£  2(21  +  1) 

0  1-0  /  -  0 


146.  Maximum  number  of  total  nodes  is  present  in  : 

(a)  5s  (b)  Sp 

.  .  (c)  5d  (d)  All  have  same  number  of  nodes 

147.  The  possible  correct  set  of  quantum  numbers  for  the  unpaired  electron  of  Cl  atom  is  : 

(a)  £0,0,+-^  (b)  2, 1,  - 1,  +  -^ 

(c)  3, 1, 1,  ±  i  (d)  3;0,±i 

148.  The  aufbau  principle  implies  that  a  new  electron  will  enter  an  orbital  for  which  : 

(a)  n  has  a  lower  value  (b)  l  has  a  lower  value 

(c)  (n  +  0  value  is  maximum  (d)  (n  +  Z)  value  is  minimum 

149.  The  orbital  diagram  in  which  aufbau  principle  is  violated,  is  : 


150.  Consider  the  following  six  electronic  configurations  (remaining  inner  orbitals  are  completely 
filled)  and  mark  the  incorrect  option. 


*•  E 


(a)  Stability  order  :  II  >  I  >  IV  III  ‘ 

(b)  Order  of  spin  multiplicity  :  IV  >  III  =  I  >  II 

(c)  V  does  not  violate  all  the  three  rules  of  electronic  configuration 

(d)  If  VI  represents  A  and  A +  when  kept  near  a  magnet,  acts  as  diamagnetic  substance. 

151.  Which  of  the  following  set  of  quantum  numbers  belong  to  highest  energy? 


(a)  n  =  4,  /  =  0,  m  =  0,  s  =  +  - 

2 

(c)  n  =  3,  l  =  1,  m  =  1,  s  =  +  - 

2 


(b)  n  =  2,  l  =  0,  m  =  0,  s  =  +  • 


(d)  n  =  3,  l  =  2,  m  =  1,  s  =  +  - 

2 


(d)  None  of  these 


152.  A  subshell  n  =  5,  l  =  3  can  accommodate  : 

(a)  10  electrons  (b)  14  electrons  (c)  18  electrons  (d)  None  of  these 

153.  In  H-atom  energy  of  electron  is  determined  by  : 

(a)  only  n  (b)  n,  l 

(c)  n,  l,  m  (d)  all  the  four  quantum  numbers. 

154.  How  many  electron(s)  in  an  atom  can  have  n  -3, 1  =  2? 

(a)  1  (b)  2  (c)  5  (d)  10 

1 

155.  How  many  electrons  in  an  atom  can  have  n  =  4, 1  =  2,  m  =  -  2  and  s  =  +  —  ? 

(a)  1  (b)  2  (c)  5  (d)  10 

156.  Threshold  frequency  of  a  metal  is  f0.  When  light  of  frequency  v  =  2 f0  is  incident  on  the  metal 
plate,  maximum  velocity  of  e"  emitted  is  v1.  When  frequency  of  incident  radiation  is  '5/0, 

-  Vi 

maximum  velocity  of  emitted  e  is  v2-  Find  ratio  of  —  : 

v2 

(a)  1  :  4  (b)  1  :  2  (c)  2  :  1  (d)  none  of  these 

157.  Which  orbital  has  only  positive  values  of  wave  function  at  all  distances  from  the  nucleus  : 

(a)  Is  (b)  2s  (c)  2p  (d)  3d 

158.  Four  electrons  in  an  atom  have  the  sets  of  quantum  numbers  as  given  below.  Which  electron  in 
at  the  highest  energy  level? 

(a)  n  =  4,  /  =  0,  mt  =  0,  ms  =  +  1/2  i  (b)  n  =  3,  l  =  0,  ml  =  0,  ms  =  -1/2 

(c)  n  =  3,  Z  =  2,  mj  -0,ms  =  +  1/2  (d)  n  =  4,  l  =  1,  mt  =  - 1,  m5  =  - 1/2 


159.  The  set  of  quantum  numbers,  n  =  3,  l  -  2,  ml  =0 

(a)  describes  an  electron  in  a  2s  orbital 

(b)  is  not  allowed 

(c)  describes  an  electron  in  a  _3 p  orbital 

(d)  describes  one  of  the  five  orbitals  of  same  energy 


160.  The  set  of  quantum  numbers,  n  =2,  l  =  2,  m,  ~  0  \ 

(a)  describes  an  electron  in  a  2s  orbital 

(b)  describes  one  of  the  five  orbitals  of  a  similar  type 

(c)  describes  an  electron  in  a  2 p  orbital 

(d)  is  not  allowed 

161.  Consider  the  argon  atom.  For  how  many  electrons  does  this  atom  have  ml  =  1? 

(a)  1  (b)  6  (c)  4  (d)  2 

162.  An  orbital  is  occupied  by  an  electron  with  the  quantum  numbers  n  =4, 1  =  1.  How  many 

orbitals  of  this  type  are  found  in  a  multi-electron  atom? 

.  .  (a)  4p,  3  (b)  4s,  1  (c)  4 d,  5  (d)  4p,  6 

163.  Which  of  the  following  sets  of  quantum  numbers  describes  the  electron  which  is  removed  most 

easily  from  a  potassium  atom  in  its  ground  state? 

(a)  n  =  3,  l  =  1,  ml  =  1,  ms  =  --  (b)  n  =2,  l  =  \  ml  =  0,  ms  =  -- 

2  2 

1  1 

(c)  n  =  4,  l  =  0,  mt  =  1,  ms  =  +  —  (d)  n  =  4,  l  =  0,  ml  =  0,  ms  =  +  — 

2  2 

164.  The  subshell  that  arises  after/ is  called  the  g  subshell.  How  many  electrons  may  occupy  the  g 
subshell? 

(a)  9  (b)  7  (c)  5  ,  (d)  18 

165.  Which  of  the  following  electron  configurations  is  correct  for  iron,  (atomic  number  26)? 

(a)  [Kr]  4s1 3d6  (b)  [Kr]  4s1 3d7  (c)  [Ar]  4s23d6  (d)  [Kr]  4s23d6 

166.  Which  of  the  following  electron  configurations  is  correct  for  copper,  (atomic  number  29)? 

(a)  [ArJ  3d10 4s1  (b)  [Kr]  3d 9 4s1  (c)  [Ar]  3d94s2  (d)  [Kr]  3d104s1 

167.  The  electronic  configurations  of  24Cr  and  29Cu  are  abnormal 

(a)  Due  to  extra  stability  of  exacdy  half  filled  and  exactly  fully  filled  sub  shells 

(b)  Because  they  belong  to  d-block 

(c)  Both  the  above 

(d)  None  of  the  above 

168.  Which  of  the  following  representation  of  excited  states  of  atoms  is  impossible? 

(a)  Is1 2s1  (b)  [Ne]  3s 2 3p 3 4s1  (c)  [Ne]  3s23p64s13d6(d)  ls22sz2p7 3s2 

169.  Among  the  following  representations  of  excited  states  of  atoms  which  is  impossible? 

(a)  Is1 2s1  (b)  [Ne]  3s 2  3p 3  4s1 

(c)  ls22s22p43s2  (d)  [Ne]  3s23p64s33d2 

170.  Among  the  following  series  of  transition  metal  ions,  the  one  where  all  metal  ions  have  same  3d 
electronic  configuration  is: 

(a)  Ti2+,  V3+,  Cr4+,  Mn5+  (b)  Ti^,  V2+,  Cr3+,  Mn4+ 

(c)  Ti+,  V4+,  Cr^,  Mn7+  (d)  Ti4+,  V^,  Cr2+,  Mn3+ 

171.  Which  of  the  following  has  the  maximum  number  of  unpaired  electrons? 

:•  (a)  Mn  (b)  Ti  (c)  V  (d)  A1 

172.  Which  of  the  following  orbitals  has  two  spherical  nodes? 

(a)  2s  (b)  4s  (c)  3d 


(d)  6/ 


173.  Wave  function  of  an  orbital  is  plotted  against  the  distance  from  nucleus.  The  graphical 
representation  is  of:  Y 


(a)  Is 


(b)  2s 


(0  3s 


(d)  2p 


174.  The  Schrodinger  wave  equation  for  hydrogen  atom  is 

'  /  .  \3/2  / 


V*  = 


2-—  e~r/a° 


25  4V^UoJ'  l  *o) 

where  a0  is  Bohr’s  radius.  If  the  radial  node  in  2s  be  at  r0,  then  r0  would  be  equal  to 

(a)  (b)  2a0  (c)  42  a0  (d) 

2 


(d)^ 

42 


175.  The  Schrodinger  wave  equation  for  hydrogen  atom  is 

‘  (7\V2 

'F  (radial)  =  —^=  —  [(ct  - 1)  (a2  -  8o  +  12)]  e'a/2 

16>/4UoJ 

2 Zr 

where  a0  and  2  are  the  constant  in  which  answer  can  be  expressed  and  a  = - 

ao 

minimum  and  maximum  position  of  radial  nodes  from  nucleus  are . respectively 


Oq_  3 
-  2Z  ‘  Z 


(d) 

2Z  Z 


1.  Potential  energy  of  electron  present  in  He+  is  : 


2ne0r  4jre0r  4n£or  4jte0r2 

2.  A  single  electron  in  an  ion  has  ionization  energy  equal  to  217.6  eV  What  is  the  total  number  of 
neutrons  present  in  one  ion  of  it? 

(a)  2  (b)  4  (c)  5  (d)  9 

3.  For  a  hypothetical  hydrogen  like  atom,  the  potential  energy  of  the  system  is  given  by 

-Ke2 

17(f)  =  — — ,  where  r  is  the  distance  between  the  two  particles.  If  Bohr’s  model  of  quantization 

of  angular  momentum  is  applicable  then  velocity  of  particle  is  given  by  : 

(a)v  =  -nV  (b)v-  n3ft3  (Qv—  "3*3 

Ke28n3m2  8Ke2n2m2  24Ke2nW  24 Ke2n3m2 

'  4.  A  small  particle  of  mass  m  moves  in  such  a  way  that  P.  E.  =  -  i  mkr2,  where  k  is  a  constant  and 

r  is  the  distance  of  the  particle  from  origin.  Assuming  Bohr’s  model  of  quantization  of  angular 
momentum  and  circular  orbit,  r  is  directly  proportional  to  : 


(c)  Vn 


(d)  none  of  these 


5.  A  beam  of  specific  kind  of  particles  of  velocity  2.1  x  107  m/s  is  scattered  by  a  gold  (Z  -  79) 

nuclei.  Find  out  specific  charge  (charge/mass)  of  this  particle  if  the  distance  of  closest 
approach  is  2.5  x  1CT14  m. 

(a)  4.84  x  107  C/kg  (b)  4.84  x  10‘7  C/kg  (c)  2.42  x  107  CAg  (d)  3x  10'12  C/kg 

6.  What  is  the  angular  velocity  (©)  of  an  electron  occupying  second  orbit  of  Li2+  ion? 

8 n3me4  &n3me4  64  n3me4  2  9n3me4  2 

tCJ  —  x  — —  a  la )  - - - K 


(b)^r 

9h3 


7.  The  ratio  of  the  radius  difference  between  4th  and  3  rd  orbit  of  H-atom  and  that  of  Li2+  ion  is : 

(a)  1  :  1  (b)  3  :  1  (c)  3  :  4  (d)  9  :  1 

8.  The  velocity  of  an  electron  in  excited  state  of  H-atom  is  1.093  x  106  m/s.  What  is  the 

circumference  of  this  orbit? 

(a)  3.32  x  10“10 *  m  (b)  6.64  x  10‘10  m  (c)  13.30  x  10_I°  m  (d)  13.28  x  10-8  m 

9.  The  angular  momentum  of  an  electron  in  a  Bohr’s  orbit  of  He+  is  3.1652  x  10“34  kg-m2/sec. 
What  is  the  wave  number  in  terms  of  Rydberg  constant  (R)  of  the  spectral  line  emitted  when 
an  electron  falls  from  this  level  to  the  first  excited  state.  [Use  h  =  6.626  x  10-34  J  s  ) 

(a)  3 R  (b)  ^  (c)  —  (d)  — 


,  ,  3R 

{C)T 


(d)  B 

9 


10.  If  radiation  corresponding  to  second  line  of  “Balmer  series”  of  Li2+  ion,  knocked  out  electron 

from  first  excited  state  of  H-atom,  then  kinetic  energy  of  ejected  electron  would  be: 

(a)  2.55  eV  (b)  4.25  eV  (c)  11.25  eV  (d)  19.55  eV 


IX.  When  an  electron  makes  a  transition  from  (n  +  1)  state  to  nth  state,  the  frequency  of  emitted 
radiations  is  related  to  n  according  to  (n  >  >  1) :  *!* 


(a)  v  =  • 


(b)  v  = 


(c)  v  = 


(d)  v  = 


12.  In  a  collection  of  H-atoms,  all  the  electrons  jump  from  n  =  5  to  ground  level  finally  (directly  or 
indirectly),  without  emitting  any  line  in  Balmer-  series.  The  number  of  possible  different 
radiations  is  : 

(a)  10  (b)  8  (c)  7  (d)  6 

13.  An  electron  is  allowed  to  move  freely  in  a  closed  cubic  box  of  length  of  side  10  cm.  The 
uncertainty  in  its  velocity  will  be  : 

(a)  3.35  x  10"3  m  sec-1  (b)  5.8  x  10*4  m  sec"1 

(c)  4  x  10"s  m  sec'1  (d)  4  x  lO*6  m  sec"1 

14.  An  element  undergoes  a  reaction  as  shown  : 

X  +  2e~  - ►  X2'y  energy  released  =  30.87  eV/atom.  If  the  energy  released,  is  used  to 

dissociate  4  gms  of  H2  molecules,  equally  into  H+  and  H*,  where  H*  is  excited  state  of  H 
atoms  where  the  electron  travels  in  orbit  whose  circumference  equal  to  four  times  its  de 
Broglie’s  wavelength.  Determine  the  least  moles  of  X  that  would  be  required  : 

Given  :  I.E.  of  H  =  13.6  eV/atom,  bond  energy  of  H2  =  4.526  eV/molecule. 

(a)  1  (b)  2  (c).  3  (d)  4 

15.  If  the  energy  of  H-atom  in  the  ground  state  is  -E,  the  velocity  of  photo-electron  emitted  when"  a 
photon  having  energy  Ep  strikes  a  stationary  Li2+  ion  in  ground  state,  is  given  by  : 

IWp.-E)  ^  ..  _  |2(Ep  +  9£) 


(a)  v  = 


(c)  v  = 


|2(E_  -  9E) 


(b)  v  =  . 


(d)  v  = 


2CEp  -  3E) 


16.  At  which  temperature  will  the  translational  kinetic  energy  of  H-atom  equal  to  that  for  H-atom 
of  first  line  Lyman  transition?  (Given  N A  =  6x  1023) 

(a)  780  K  (b)  1.32  x  105  K 

(c)  7.84  x  104  K  (d)  1000  K 

17.  For  a  3s-orbital 


^(35)  = 


9V3  U 


(6-  6a  +  a2)  e  0/2 ;  where  a  =  — — 

3a0 


What  is  the  maximum  radial  distance  of  node  from  nucleus? 
(3  +  V5)  a0  (h)  £o 

Z  z 

.  ,  3  (3  +  V3)  a0  .  2oq 

W  2  2  2 


18.  Monochromatic  radiation  of  specific  wavelength  is  incident  on  H-atoms  in  ground  state. 
H-atoms  absorb  energy  and  emit  subsequently  radiations  of  six  different  wavelength.  Find 
wavelength  of  incident  radiations: 

(a)  9.75  nm  (b)  50  nm 

(0  85.8  nm  (d)  97.25  nm 


19.  The  energy  of  a  \  II  and  III  energy  levels  of  a  certain  atom  are  E,  and  2E  respectively.  A 

photon  of  wavelength  X  is  emitted  during  a  transition  from  III  to  I.  What  will  be  the 
wavelength  of  emission  for  transition  II  to  I? 

X 


(a) 


(b)  X 


(c)  2X 


(d)  3X 


20.  Calculate  the  minimum  and  maximum  number  of  electrons  which  may  have  magnetic 
quantum  number,  m  =  + 1  and  spin  quantum  number,  s  =  -  ^  in  chromium  (Cr)  : 

O)  0,  1  (b)  1,  2  (c)  4,  6  (d)  2,  3 

21.  An  electron  in  a  hydrogen  atom  in  its  ground  state  absorbs  1.5  times  as  much  energy  as  the 

minimum  required  for  it  to  escape  from  the  atom.  What  is  the  velocity  of  the  emitted  electron? 
(a)  1.54  x  106  m/s  (b)  1.54  x  108  m/s 

(c)  1.54  x  103  m/s  (d)  1.54  x  104  m/s 


22.  In  a  measurement  of  quantum  efficiency  of  photosynthesis  in  green  plants,  it  was  found  that 
10  quanta  of  red  light  of  wavelength  6850  A  were  needed  to  release  one  molecule  of  02.  The 

,  average  energy  storage  in  this  process  is  112  kcal/mol  Oz  evolved. 

What  is  the  energy  conversion  efficiency  in  this  experiment? 

Given  :  1  cal  =  4.18  J;  NA  =  6  x  1023;  h  =  6.63  x  10"34  J.  s 
(a)  23.5  (b)  26.9 

..  .  (c)  66.34  (d)  73.1 

23.  A  hydrogen  like  species  (atomic  number  Z)  is  present  in  a  higher  excited  state  of  quantum 

number  n.  This  excited  atom  can  make  a  transition  to  the  first  excited  state  by  successive 
emission  of  two  photons  of  energies  10.20  eV  and  17.0  eV  respectively.  Alternatively,  the  atom 
from  the  same  excited  state  can  make  a  transition  to  the  second  excited  state  by  successive 
emission  of  two  photons  of  energy  4.25  eV  and  5.95  eV  respectively.  Determine  the  value  of  Z. 
(a)  1  (b)  2  (c)  <3  (d)  4 

24.  H-atom  is  exposed  to  electromagnetic  radiation  of  X  =  1025.6  A  and  excited  atom  gives  out 
induced  radiations.  What  is  the  minimum  wavelength  of  these  induced  radiations? 

(a)  102.6  nm  (b)  12.09  nm 

(c)  121.6  nm  (d)  810.8  nm 

25.  If  the  lowest  energy  X-rays  have  X  =  3.055  x  10-8  m,  estimate  the  minimum  difference  in 
energy  between  two  Bohr’s  orbits  such  that  an  electronic  transition  would  correspond  to  the 
emission  of  an  X-ray.  Assuming  that  the  electrons  in  other  shells  exert  no  influence,  at  what  Z 
(minimum)  would  a  transition  from  the  second  energy  level  to  the  first  result  in  the  emission 
of  an  X-ray? 

(a)  1 
(c)  3 


(b)  2 
(d)  4 


26.  An  a-partide  having  kinetic  energy  5  MeV  falls  on  a  Cu-foil.  The  shortest  distance  from  the 
nucleus  of  Cu  to  which  a-partide  reaches  is  (Atomic  no.  of  Cu  =  29,  K  =  9x  109Nm2/C2) 

(a)  2.35  x  10-13m  (b)  1.67x  10'14m 

(c)  5.98  x  10'lsm  (d)  None  of  these 

27.  In  the  graph  between  vv  and  Z  for  the  Mosley’s  equation  4v  =  a  (Z  -  b),  the  intercept  OX  is  -1 
on  >/v  axis. 


t' 
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What  is  the  frequency  when  atomic  number  (Z)  is  51  ? 

(a)  50  s-1  (b)  100  s'1  (c)  2500  s'1  (d)  None  of  these 

ZCn  ^ 

28*  Baimer  gave  an  equation  for  wavelength  of  visible  region  of  H-spectrum  as  X  -  — - . 

n-4 

Where  n  =  principal  quantum  number  of  energy  level,  K  =  constant  in  terms  of  R  (Rydberg  constant). 
The  value  of  K  in  terms  of  R  is: 

(a)  R  Cb)  5  (0  4  (d) 

2  R  R 

29.  The  energy  of  separation  of  an  electron  in  a  Hydrogen  like  atom  in  excited  state  is  3.4  eV 
The  de-Broglie  wave  length  (in  A)  associated  with  the  electron  is: 

(Given  radius  of  first  orbit  of  H-atom  is  0.53A) 

(a)  3.33  (b)  6.66  (c)  13.31  (d)  None  of  these 

30.  If  I st  excitation  energy  for  the  H-like  (hypothetical)  sample  is  24  eV  then  binding  energy  in 
IIIrd  excited  state  is: 

(a)  2  eV  (b)  3  eV  (c)  4  eV  (d)  5  eV 


PROBLEMS  IN  CHEMISTRY 


PASSAGE  1 

Werner  Heisenberg  considered  the  limits  of  how  precisely  we  can  measure  the  properties  of  an 
electron  or  other  microscopic  particle.  He  determined  that  there  is  a  fundamental  limit  to  how 
closely  we  can  measure  both  position  and  momentum.  The  more  accurately  we  measure  the 
momentum  of  a  particle,  the  less  accurately  we  can  determine  its  position.  The  converse  is  also 
true.  This  is  summed  up  in  what  we  now  call  the  Heisenberg  uncertainty  principle. 

The  equation  is  Ax*A  (mv)  >  — 

4 71 

The  uncertainty  in  the  position  or  in  the  momentum  of  a  macroscopic  object  like  a  baseball 
is  too  small  to  observe.  However,  the  mass  of  microscopic  object  such  as  an  electron  is  small 
enough  for  the  uncertainty  to  be  relatively  large  and  significant. 


!♦  If  the  uncertainties  in  position  and  momentum  are  equal,  the  uncertainty  in  the  velocity  is  : 


(a)  J- 


(b) 


-  £ 
2m  Vit 


(d)  none  of  these 


2.  If  the  uncertainty  in  velocity  and  position  is  same,  then  the  uncertainty  in  momentum  will  be  : 


t  ^  hm 

(a)  J— 


(W  m 


(d)  _L 

m  V4n 


3,  What  would  be  the.  minimum  uncertainty  in  de-Broglie  wavelength  of  a  moving  electron 

7 

accelerated  by  potential  difference  of  6  volt  and  whose  uncertainty  in  position  is  —  nm? 

22 


(a)  6.25  A 


(b)  6  A 


(c)  0.625  A 


(d)  0.3125  A 


PASSAGE  2  i 

-V  ' 

One  of  the  fundamental  laws  of  physics  is  that  matter  is  most  stable  with  the  lowest 
possible  energy.  Thus,  the  electron  in  a  hydrogen  atom  usually  moves  in  the  n  =  1  orbit,  the 
orbit  in  which  it  has  the  lowest  energy  When  the  electron  is  in  this  lowest  energy  orbit,  the 
atom  is  said  to  be  in  its  ground  electronic  state.  If  the  atom  receives  energy  from  an  outside 
source,  it  is  possible  for  the  electron  to  move  to  an  orbit  with  a  higher  n  value,  in  which 
case  the  atoms  is  in  an  excited  with  a  higher  energy. 

The  law  of  conservation  of  energy  says  that  we  cannot  create  or  destroy  energy.  Thus,  if  a 
certain  amount  of  external  energy  is  required  to  excite  an  electron  from  one  energy  level  to 
another,  then  that  same  amount  of  energy  will  be  liberated  when  the  electron  returns  to  its 
initial  state. 


ATOMIC  STRUCTURE 


Lyman  series  is  formed  when  the  electron  returns  to  the  lowest  orbit  while  Balmer  series  is 
formed  when  the  electron  returns  to  second  orbit.  Similarly,  Paschen,  Brackett  and  Pfund 
series  are  formed  when  electrons  returns  to  the  third,  fourth  and  fifth  orbits  from  higher 
energy  orbits  respectively. 

When  electrons  return  from  n  2  to  nx  state,  the  number  of  lines  in  the  spectrum  will  equal  to 

(n2  -nj  (n2  -  n,  +1) 

2 

If  the  electron  comes  back  from  energy  level  having  energy  E2  to  energy  level  having 
energy  El,  then  the  difference  may  be  expressed  in  terms  of  energy  of  photon  as  : 

E2  -£j  =  AE,  AE  =>  — 

A, 

Since,  h  and  c  are  constants,  AE  corresponds  to  definite  energy;  thus,  each  transition  from 
one  energy  level  to  another  will  produce  a  radiation  of  definite  wavelength.  This  is  actually 
observed  as  a  line  in  the  spectrum  of  hydrogen  atom. 

Wave  number  of  a  spectral  line  is  given  by  the  formula 

1  i) 

v  • 

„  2  2 

Vnl  n2 

where  R  is  a  Rydberg’s  constant  (R  =  1.1  x  107  m"1 ) 

If  the  wavelength  of  series  limit  of  Lyman  series  for  He+  ion  is  x  A,  then  what  will  be  the 
wavelength  of  series  limit  of  Balmer  series  for  Li2+  ion? 

(I)£j  (b)  ^  A  (O^A  (d)  ^  A 


(c)5£A 

4 


«of  A 


The  emission  spectra  is  observed  by  the  consequence  of  transition  of  electron  from  higher 
energy  state  to  ground  state  of  He+  ion.  Six  different  photons  are  observed  during  the 
emission  spectra,  then  what  will  be  the  minimum  wavelength  during  the  transition? 

(a)  — Cb)  (c)  X  =  -^-  (d) 


3.  What  transition  in  the  hydrogen  spectrum  would  have  the  same  wavelength  as  Balmer 
transition,  n  =  4  to  n  =  2  in  the  He+  spectrum? 

(a)  n  =  3  to  n  =  1  (b)  n  =  3  to  n  =  2  (c)  n  =  4  to  n  =  1  (d)  n  =  2  to  n  =  1 

4.  An  electron  in  H-atom  in  M-shell  on  de-excitation  to  ground  state  gives . spectrum  lines. 

(a)  10  (b)  6  (c)  3  (d)  1 


PROBLEMS  IN  CHEMISTRY 


passage  3 


If  hydrogen  atoms  (in  the  ground  state)  are  passed  through  an  homogeneous  magnetic  field, 
the  beam  is  split  into  two  parts.  This  interaction  with  the  magnetic  field  shows  that  the  atoms 
must  have  magnetic  moment.  However,  the  moment  cannot  be  due  to  the  orbital  angular 
momentum  since  l  =  0.  Hence  one  must  assume  existence  of  intrinsic  angular  momentum, 
which  as  the  experiment  shows,  has  only  two  permitted  orientations. 

-i 

Spin  of  the  electron  produce  angular  momentum  equal  to  S  =  -Js(s  + 1) —  where  S  =  +  -. 

2n  2 

Total  spin  of  an  atom  =  +—  or 

2  2 

where  n  is  the  number  of  unpaired  electron. 

The  substance  which  contain  species  with  unpaired  electrons  in  their  orbitals  behave  as 
paramagnetic  substances.  The  paramagnetism  is  expressed  in  terms  of  magnetic  moment. 
The  magnetic  moment  of  an  atom 

ry~r ~  eh  _  In?  n  +1^  eh  n 


/s(s  + 1)  - 


=>  Hs  =  yfn(n  +  2)  B.M. 
n  =  number  of  unpaired  electrons 

eh 

1.  B.M.  (Bohr  magneton)  = - 

4rtmc 

If  magnetic  moment  is  zero  the  substances  is  di-magnetic. 


1.  Which  of  the  following  ion  has  lowest  magnetic  moment. 

(a)  Fe2+  (b)  Mn2+  (c)  Cr^  (d)  V3+ 

2.  If  an  ion  of  25Mn  has  a  magnetic  moment  of  3.873  B.M.  Then  Mn  is  in  which  state, 

(a) +2  (b)  +3  (c)  +4  (d) +5 


PASSAGE  4JB 

Ozone  in  the  upper  atmosphere  absorbs  ultraviolet  radiation  which  induces  the  following 
chemical  reaction 

0  3(g) - >O2(g)  +  0(g) 

O  2  prod  need  in  the  above  photochemical  dissociation  undergoes  further  dissociation  into  one 
normal  oxygen  atom  (O)  and  more  energetic  oxygen  atom  O*. 

- >0+0* 

If  (O*)  has  1  eV  more  energy  than  (O)  and  normal  dissociation  energy  of  02  is  480  kJ  mol  . 

[1  eV/  Photon  =  96  kJ  mol'1] 


1.  What  is  the  maximum  wavelength  effective  for  the  photochemical  dissociation  of02  molecule 

(a)  2440  A  (b)  2066.67  A  (c)  1000  A  (d)  155  A 

2.  If  dissociation  of03  into  02  and  O  requires  400kJ  mol-1  and  02  produced  in  this  reaction  is 
further  dissociated  to  O  and  O*  then  the  total  energy  required  to  for  the  dissociation  of  03  into 
O  and  O*  is: 

(a)  1168kJ/mol  (b)  976kJ/mol  (c)  880kJ/mol  (d)  None  of  these 


PASSAGE 


The  existence  of  negatively  charged  particle  in  an  atom  was  shown  by  J  J.  Thomson  as  a 
result  of  the  studies  of  the  passage  of  electricity  through  gases  at  extremely  low  pressures 
known  as  discharge  tube  experiments.  When  a  high  voltage  of  the  order  of  10,000  volts  or 
more  was  impressed  across  the  electrodes,  some  sort  of  invisible  rays  moved  from  the 
negative  electrode  to  the  positive  electrodes  these  rays  are  called  as  cathode  rays. 


High  voltage 

Cathode  rays  experiment 


Perforated 

cathode 


Properties  of  Cathode  rays  : 

Cathode  rays  travels  in  straight  path  and  produce  mechanical  effect  Cathode  rays  consist  of 
material  part  and  charged  particles.  Cathode  rays  produce  X-rays  and  light  is  emitted  when  they 
strike  on  ZnS  screen.  Cathode  rays  penetrate  through  thin  sheets  of  aluminium  and  other  metals. 
They  affect  the  photographic  plate  and  passes  heating  effect  when  they  strike  on  metal  foil.  The  ratio 
of  charge  to  mass  i.e.  charge/mass  is  same  for  all  the  cathode  rays  irrespective  of  the  gas  used  in  the 
tube. 

The  existence  of  positively  charged  particles  in  an  atom  was  shown  by  E.  Goldstein.  He  repeated 
the  same  discharge  tube  experiments  by  using  a  perforated  cathode.  It  was  observed  that  when  a 
high  potential  difference  was  applied  between  the  electrodes,  not  only  cathode  rays  were  produced 
but  also  a  new  type  of  rays  were  produced  simultaneously  from  anode  moving  towards  cathode  and 
passed  through  the  holes  or  canal  of  the  cathode.  These  termed  as  canal  ray  or  cathode  ray. 

Properties  of  Anode  Rays  are  as  follow  : 

These  rays  travel  in  straight  lines  and  consist  of  positively  charged  particle.  These  rays  have 
kinetic  energy  and  produces  heating  effect  also.  The  e/m  ratio  of  for  these  rays  is  smaller  than  that  of 
electrons.  Unlike  cathode  rays,  their  e/m  value  is  is  dependent  upon  the  nature  .of  the  gas  taken  in 


the  tube.  These  rays  produce  flashes  of  light  on  Zn-S  screen  and  can  pass  throughs  thin  metal  foils. 
They  can  produce  physical  and  chemical  changes  and  are  capable  to  produce  ionisation  in  gases. 


1.  For  cathode  rays  the  value  of  e/m: 

(a)  Is  independent  of  the  nature  of  the  cathode  and  the  gas  filled  in  the  discharge  tube 
Cb)  Is  constant 

(c)  Is  -  1.7588  x  108coulombs/g 

(d)  All  of  the  above  are  correct 

2.  Which  is  not  true  with  respect  to  cathode  rays  ? 

(a)  A  stream  of  electrons  (b)  Charged  particles 

(c)  Move  with  same  speed  as  that  of  light  (d)  Can  be  deflected  by  the  electric  field 

3.  Select  the  incorrect  statement  : 

(a)  Cathode  rays  has  charge  only  and  no  mass 

(b)  Anode  rays  are  deflected  by  electrical  and  magnetic  field 

(c)  Cana]  rays  is  named  for  beam  of  positive  charged  particle 

(d)  Anode  rays  do  not  originate  from  the  anode 


ONE  OR  MORE  ANSWERS  IS/ARE  CORRECT 


l. 


Select  the  correct  statement(s)  : 

(a)  The  phenomena  of  diffraction  of  light  can  only  be  explained  by  assuming  that  light 
behaves  as  waves 


(b)  de-Broglie  postulate  the  dual  character  existed  with  matter 

(c)  In  his  atomic  model  Bohr  considered  electron  as  a  particle 

(d)  Wave  nature  of  electrons  was  obtained  when  diffraction  rings  were  observed 
photographically  when  a  stream  of  protons  was  passed  through  a  metal  foil 


The  angular  momentum  of  electron  can  have  the  value(s)  : 

(a)  0.5  -  (b)  -  (c)  -A_ 

n  jt  0.5  rt 


(d)  2.5 


3.  Select  incorrect  statement(s)  : 

(a)  Only  three  quantum  numbers  n,  l  and  m  are  needed  to  define  an  orbital 
Cb)  Four  quantum  numbers  are  needed  for  complete  description  of  an  electron 

(c)  Two  quantum  numbers  n  and  l  are  needed  to  identify  subshell  and  shape  of  orbital 

(d)  Splitting  of  spectrum  lines  in  presence  of  electric  field  is  known  as  Zeeman  effect 

4.  Select  the  correct  statement(s): 

(a)  An  electron  near  the  nucleus  is  attracted  by  the  nucleus  and  has  a  low  potential  energy 

(b)  According  to  Bohr’s  theory,  an  electron  continuously  radiate  energy  if  it  stayed  in  one  orbit 

(c)  Bohr’s  model  could  not  explain  the  spectra  of  multielectron  atoms 

(d)  Bohr’s  model  was  the  first  atomic  model  based  on  quantisation  of  energy 

5.  Choose  the  correct  statement(s)  : 

(a)  The  shape  of  an  atomic  orbital  depends  upon  azimuthal  quantum  number 

(b)  The  orientation  of  an  atomic  orbital  depends  upon  the  magnetic  quantum  number 

(c)  The  energy  of  an  electron  in  an  atomic  orbital  of  multi-electron  atom  depends  upon 
principal  quantum  number  only 
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(d)  The  number  of  degenerate  atomic  orbitals  of  one  type  depends  upon  the  value  of 
azimuthal  quantum  number 

6.  For  radial  probability  curves,  which  of  the  following  is/are  correct? 

(a)  The  number  of  maxima  in  2s  orbital  are  two 

(b)  The  number  of  spherical  or  radial  nodes  is  equal  to  n  - 1  - 1 

(c)  The  number  of  angular  nodes  are  T 

(d)  3 d2  has  3  angular  nodes 

7.  Select  the  correct  statement(s): 

(a)  Radial  distribution  function  indicates  that  there  is  a  higher  probability  of  finding  the  3s 
electron  close  to  the  nucleus  than  in  case  of  3p  and  3d  electrons 

(b)  Energy  of  3s  orbital  is  less  than  for  the  3p  and  3d  orbitals 

(c)  At  the  node,  the  value  of  the  radial  function  changes  from  positive  to  negative 

(d)  The  radial  function  depends  upon  the  quantum  numbers  n  and  l 

8.  Choose  the  incorrect  statement(s): 

(a)  For  a  particular  orbital  in  hydrogen  atom,  the  wave  function  may  have  negative  value 

(b)  Radial  probability  distribution  function  may  have  zero  value  but  can  never  have  negative 
value 

(c)  3d  2  2  orbital  has  two  angular  nodes  and  one  radial  node 

(d)  yz^ancfxz  planes  are  nodal  planes  for  orbital 

9.  Select  the  correct  statement(s)  : 

(a)  Heisenberg’s  principle  is  applicable  to  stationary  e~ 

(b)  Pauli’s  exclusion  principle  is  not  applicable  to  photons 

(c)  For  an  e",  the  product  of  velocity  and  principal  quantum  number  will  be  independent  of 
principal  quantum  number 

(d)  Quantum  numbers  l  and  m  determine  the  value  of  angular  wave  function 

10.  Choose  the  correct  statements  among  the  following  : 

(a)  A  node  is  a  point  in  space  where  the  wave-function  4*  has  zero  amplitude 

(b)  The  number  of  maxima  (peaks)  in  radial  distribution  is  n  - 1 

(c)  Radial  probability  density  is  4jtr2R2,(r) 

(d)  VF2  represents  probability  of  finding  electron 

11.  Select  the  correct  statement(s)  regarding  3 Py  orbital  : 

(a)  Total  no.  of  nodes  are  2 

(b)  Number  of  maxima  in  the  curve  4nr2R2  vs  r  are  two 

(c)  Quantum  no.  n,  l  and  m  for  orbital  may  be  3,  1,  -1  respectively 

(d)  The  magnetic  quantum  number  may  have  a  positive  value 

12.  Select  the  correct  statement(s)  : 

(a)  In  wave  mechanical  model  the  energy  of  e~  in  the  orbital  remains  the  same 

(b)  d„  orbital  is  lies  in  yz  plane 

■v 

(c)  Nodal  planes  areyz  and  xy  in  dx2  y 2  orbital 

(d)  Rest  mass  of  photon  is  zero  and  increases  with  it’s  velocity 

13.  Hydrogen  has  : 

(a)  half  filled  subshell 
(c)  one  electron  in  valence  shell 


(b)  half  filled  shell 
(d)  half  filled  orbital 


14.  Select  incorrect  statement(s)  : 

(a)  If  the  value  of  l  =  0,  the  electrons  distribution  is  spherical 

(b)  the  shape  of  the  orbital  is  given  by  magnetic  quantum  number 

(c)  Angular  momentum  of  Is,  2s,  3s  orbit  electrons  are  equal 

(d)  In  an  atom,  all  the  electrons  travel  with  the  same  velocity 

15.  The  radial  distribution  functions  [P(r)]  is  used  to  determine  the  most  probable  radius,  which  is 

used  to  find  the  electron  in  a  given  orbital  for  ls-orbital  of  hydrogen  like  atom  having 

dr 


,  .  ,  „  .  dP  4 Z3 

atomic  number  Z,  is  —  =  - — 
dr  a3 


2r  - 


2 Zr2 


,-ZZr/aQ 


16. 


Then  which  of  the  following  statements  is/are  correct? 

(a)  At  the  point  of  maximum  value  of  radial  distribution  function  =  o ;  one  antinode 


dr 


is 


present 

(b)  Most  probable  radius  of  Li2+  is  ^  pm 

(c)  Most  probable  radius  of  He+  is  —  pm 

2 


(d)  Most  probable  radius  of  hydrogen  atom  is  a0  pm 
Select  the  correct  statement(s)  : 

(a)  An  orbital  with  l  =  0  is  symmetrical  about  the  nucleus 

(b)  An  orbital  with  l  =  1  is  spherically  symmetrical  about  the  nucleus 

(c)  3dz2  is  spherically  symmetrical  about  the  z-axis 


(d)  All  are  correct 

17.  Select  the  correct  statement(s)  : 

(a)  Radial  function  [R(r)]  a  part  ofwave  function  is  dependent  on  quantum  number  n  only 

(b)  Angular  function  depends  only  on  the  direction,  and  is  independent  to  the  distance  from 
the  nucleus 

(c)  'P  2  (r,  0, 4))  is  the  probability  density  of  finding  the  electron  at  a  particular  point  in  space 

(d)  Radial  distribution  function  (4rer  2R2)  gives  the  probability  of  the  electron  being  present  at 
a  distance  r  from  the  nucleus 

18.  Which  is/are  correct  graph'? 


(a) 


o 

O  O 
-C  tr 
a.  o 


(c)  o  o 


LU  <d 
5^ 


(d) 


Intensity  of  light 


19.  Select  the  correct  curve(s)  : 

If  v  =  Velocity  of  electron  in  Bohr’s  orbit 
r  =  Radius  of  electron  in  Bohr’s  orbit 
P.E.  =  Potential  energy  of  electron  in  Bohr’s  orbit 
K.E.  =  Kinetic  energy  of  electron  in  Bohr’s  orbit 


(a)  n  =  3,  /  =  0,  mt  =  -1  (10  n  =  3,  I  =  3,  ml  =  -2 

(c)  n  -  3,  l  =  2,  m(  -  -2  (d)  n  =  3,  l  =  1,  mt  =  0 

21.  Which  is/are  correct  statement? 

(a)  Number  of  subshell  present  in  M-shell  =  3 

(b)  Number  of  orbitals  present  in  N-shell  =16 
Cc)  Cu+  (z  =  29)  is  paramagnetic 

(d)  Zeeman  effect  explains  splitting  of  spectral  lines  in  magnetic  field. 

22.  Jn  H-atom  sample  electrons  arc  de-excited  from  4th  excited  state  to  ground  state.  Which  is/are 
correct  statement? 

(a)  No  line  observed  in  P-fund  series. 

(b)  Total  ten  lines  observed  in  spectrum. 

(c)  4  line  in  UV-region  and  3  line  in  visible  region  observed. 

(d)  One  line  observed  in  Brackett  series. 


;  MATCH  THE  COLUMN 


l. 


Column-I  and  Column-II  contains  four  entries  each.  Entries  of  Column-I  are  to  be  matched 
with  some  entries  of  Column-II.  One  or  more  than  one  entries  of  Column-I  may  have  the 
matching  with  the  same  entries  of  Column-II. 


Column-I 


(A)  Electron 


(P)  Negative  charge 


(B)  Proton 
(Cj  Neutron 


■  (Q)  Positive  charge 
(R)  1.6x10"19C 


(D)  Positron 


‘  (S)  Chargeless 


2. 


Column-I  • 

(A)  Thomson  model  of  atom 

(B)  Rutherford  model  of  atom 

(C)  Bohr  model  of  atom 

(D)  Schrodinger  model  of  hydrogen  atom  : 


(P)  Electrons  are  present  in  extra  nuclear 
region 

(Q)  Electron  in  the  atom  is  described  as  wave 


(R)  Positive  charge  is  accumulated  in  the 
nucleus 

(S)  Uniform  sphere  of  positive  charge  with 
embedded  electrons 
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Column-1 

(A)  Atomic  theory  of  matter 

(B)  Quantization  of  charge 

(C)  Quantization  of  electronic  energy  level 

(D)  Size  of  nucleus 

Column-I 

(A)  K-JL 

P.E. 

(B)  P.E.  +  2  K.E. 

(C)  P  E. 

T.E. 

(D)  Ml 
T.E. 


Column-II 

(P)  Rutherford  scattering  experiment 

(Q)  Muliken’s  oil  drop  experiment 

(R)  Atomic  spectra 

(S)  Law  of  multiple  proportions 

Column-11 

_  (P)  2 

(Q)  _I 

2 

(R)  -1 

(S)  0 


Column-I 


Column-11 


(A)  Lyman  series  (P)  Visible  region 

(B)  Humphery  series  (Q)  Ultraviolet  region 

(C)  Paschen  series  (R)  Infrared  region 

(D)  Balmer  series  (S)  Far  infrared  region 

6.  In  case  of  hydrogen  spectrum  wave  number  is  given  by 

v=Rh  where  n:  <n2 

_ni  «2. 


Column-I 


CA)  Lyman  series 

(B)  Balmer  series 

(C)  Pfund  series 

(D)  Brackett  series 


Column-II 


(P)  n2  =  2 

(Q)  n2  =3 

(R)  n2  =6 

(S)  n2  =  5 


Column-I  (Shell) 


(A)  2nd 

(B)  3rd 

(C)  4th 

(D)  1st 


Column-II  (Value  of  0 


(P)  1 

(Q)  2 

(R)  3 

(S)  0 


8.  If  in  Bohr’s  model,  for  unielectronic  atom  following  symbols  are  used 
r^3  -»  Radius  of  0  th  orbit  with  atomic  number  Z; 

UrifZ  ->  Potential  energy  of  e~\  K^t  ->  Kinetic  energy  of  e~; 

V  Velocity  of  e“;  7  ->  Time  period  of  revolution 


Column-I 


Column-n 


(A) 

^1.  2  :  ^1, 1 

(P)  1  ;  8 

(B) 

r2  1  :  rX  2 

(Q)  -8:1 

(C) 

^3^1 

(R)  1:9 

(D) 

hJ 

(S)  8:1 

Column-I 

l 

(A) 

The  radiat  node  of  5s  atomic  orbital  is 

CP)  l 

(B) 

The  angular  node  of  3d^  atomic 
orbital  is 

(Q)  4 

(C) 

The  sum  of  angular  node  and  radial 
node  of  4dJ(V  atomic  orbital 

(R)  2 

(D) 

The  angular  node  of  3 p  atomic  orbital 
is 

(S)  3 

Column-I 

1 

1 

(A) 

The  d-orbital  which  has  two  angular 
nodes 

(P)  3 dx2_ 

(B) 

The  d-orbital  with  two  nodal  surfaces 
formed  cones 

(Q)  3di2 

(C) 

The  orbital  without  angular  node 

(R)  4/ 

(D) 

The  orbital  which  has  three  angular 

(S)  3s 

Column-11 


Column-n 


nodes 


Column-I 


(A)  Orbital  angular  momentum  of  an  elec-  (P)  /5(5  +  i)  _ 

tron  2  n 

(B)  Angular  momentum  of  an  electron  in  (Q)  ^n(n  +  2) 
an  orbit 

(C)  Spin  angular  momentum  of  an  elec-  (R) 

tron  2  n 

(D)  Magnetic  moment  of  atom  (S)  +  j)  A 

2n 


Column-n 

h 


Column -I  I 

(A)  No.  of  orbitals  in  the  n 1,1  shell 

(B)  Max.  no.  of  electrons  in  a  subshell  ' 

(C)  No.  of  subshells  in  nth  shell 

(D)  No.  of  orbitals  in  a  subshell 


(P)  2(21  +  1) 

(Q)  n 

(R)  21  +  1 

(S)  n2 


Column-I 

(A)  2s 

(B)  2pt 

(C)  4dx2  y2 

(D)  4d  2 


Column-II 

(P)  n  =  4,  l  =  2,m  -  0 

(Q)  n  =  4, 1  =  2,  m  =  -2  or  +2 

(R)  n=2,Z  =  l,  m  =  0 

(S)  n  -  2,  l  =  0,  m  ~  0 


4w2R2 

'  (B) 


Distance  from  nucleus  I 

1 

(C)  Angular  probability  is  dependent  of  0  (R)  3s 

and  <Jt 

(D)  Atleast  one  angular  node  is  present  :  (S)  bd^, 


Column-11 


ITOMIOSTRUCTUPE 


(B)  3 p 


(C)  3d 


(D)  2 p 


Distance  from  nucleus 


Distancejrom  nucleus  . . 


Vw' 


ASSERTION-REASON  TYPE  QUESTIONS 


1. 


2. 


3. 


4. 


Each  question  contains  STATEMENT-1  (Assertion)  and  STATEMENT-2  (Reason). 

Examine  the  statements  carefully  and  mark  the  correct  answer  according  to  the  instructions 
given  below  : 

(A)  If  both  the  statement  are  TRUE  and  STATEMENT-2  is  the  correct  explanation  of 
STATEMENT-1 


(B)  If  both  the  statements  are  TRUE  but  STATEMENT-2  is  NOT  the  correct  explanation  of 
STATEMENT- 1 

(C)  If  STATEMENT-1  is  TRUE  and  STATEMENT-2  is  FALSE 

(D)  If  STATEMENT-1  is  FALSE  and  STATEMENT-2  is  TRUE 

STATEMENT- 1  :  The  angular  momentum  of  d-orbitals  is  V6  — . 

2  n 

Tlfl 

STATEMENT-2  :  Angular  momentum  of  electron  in  orbit  is  mvr  =  — . 


STATEMENT-1  : 


2ft 

Angular  momentum  of  the  electron  in  the  orbit  which  has  four  subshell  is — . 

it 


STATEMENT-2 

STATEMENT-1 

STATEMENT-2 

STATEMENT-1 


Angular  momentum  of  electron  is  quantized. 

Line  emission  spectra  useful  in  the  study  of  electronic  structure. 

Each  element  has  a  unique  line  emission  spectrum. 

Emitted  radiation  will  fall  in  visible  range  when  an  electron  jump  from 
n  =  4ton  =  2in  H-atom. 


STATEMENT-2  :  Balmer  series  radiations  belong  to  visible  range  for  hydrogen  atom  only. 
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5.  STATEMENT-1 
STATEMENT-2 


6.  STATEMENT-1 
STATEMENT-2 

7.  STATEMENT-1 

STATEMENT-2 

8.  STATEMENT-1 
STATEMENT-2 

9.  STATEMENT-1 

STATEMENT-2 

10.  STATEMENT-1 

STATEMENT-2 

11.  STATEMENT-1 
STATEMENT-2 

12.  STATEMENT-1 
STATEMENT-2 


Half-filled  and  fully-filled  degenerate  orbitals  are  more  stable. 

Extra  stability  is  due  to  the  symmetrical  distribution  of  electrons  and 
exchange  energy. 

The  ground  state  of  configuration  of  Cr  is  3d5  4s1 2 3. 

A  set  of  half-filled  orbitals  containing  one  electrons  each  with  their  spin 
parallel  provides  extra  stability. 

The  ground  state  electronic  configuration  of  nitrogen  is 

HI  DO 

Electrons  are  filled  in  orbitals  as  per  aufbau  principle,  Hund’s  rule  of 
maximum  spin  multiplicity  and  Pauli's  principle. 

An  orbital  cannot  have  more  than  two  electrons  and  they  must  have 
opposite  spins. 

No  two  electrons  in  an  atom  can  have  same  set  of  all  the  four  quantum 
numbers  as  per  Pauli’s  exclusion  principle. 

Orbital  having  xz  plane  as  node  may  be  3^ . 

3d^  has  zero  radial  node. 

The  kinetic  energy  of  photo-electrons  increases  with  increase  in  frequency 
of  incident  light  where  v  >  v0. 

Whenever  intensity  of  light  is  increased  the  number  of  photo-electron 
ejected  always  increases. 

Cu2+  is  a  coloured  ion. 

Every  ion  with  unpaired  electron  is  coloured. 

For  n=3,l  may  be  0,1  and  2  and  m  may  beO;  0±  1 ;  0  ±  1  and  ±  2 
For  each  value  of  n,  there  are  0  to  (n  - 1)  possible  values  of  1;  and  for  each 
value  of  l,  there  are  0  to  ±  1  values  of  m. 


tTt 


SUBJECTIVE  PROBLEMS 

1.  Given  rn+1  -  rn-1  =  2rn,  where  r„,  rn_ j,  rn+1  are  Bohr  radius  for  hydrogen  atom  in  nth,  (n  - 1)4 5*1 
and  (n  +  l)th  shell  respectively.  Calculate  the  value  of  n. 

2.  The  energy  of  separation  of  an  electron  is  30.6 eV  moving  in  an  orbit  of  Li+2.  Find  out  the 
number  of  waves  made  by  the  electron  in  one  complete  revolution  in  the  orbit. 

3.  Calculate  the  number  of  waves  made  by  a  Bohr  electron  in  one  complete  revolution  in  n* 
orbit  of  H-atom.  If  ratio  of  de-Broglie  wavelength  associated  with  electron  moving  in  nth  orbit 

‘  and  2  nd  orbit  is  1.5. 

4.  A  certain  dye  absorbs  lights  of  X  =  400  nm  and  then  fluorescence  light  of  wavelength  500  ran. 
Assuming  that  under  given  condition  40%  of  the  absorbed  energy  is  re-emitted  as 
fluorescence.  Calculate  the  ratio  of  quanta  absorbed  to  number  of  quanta  emitted  out. 

5.  A  photon  of  energy  4.5  eV  strikes  on  a  metal  surface  of  work  function  3.0eV.  If  uncertainty  in 

25 

position  is  — A.  Find  uncertainty  in  measurement  of  de-Broglie  wavelength  (in  A). 

4jt 


Atomic  structure 


6.  Find  out  the  difference  in  number  of  angular  nodes  and  number  of  radial  nodes  in  the  orbital 
to  which  last  electron  of  chromium  present. 

7.  What  is  the  total  number  of  radial  and  angular  nodes  present  in  5/  orbital  ? 

8.  Infrared  lamps  are  used  in  restaurants  to  keep  the  food  warm.  The  infrared  radiation  is 
strongly  absorbed  by  water,  raising  its  temperature  and  that  of  the  food.  If  the  wavelength  of 
infrared  radiation  is  assumed  to  be  1500nm,  then  the  number  of  photons  per  second  of 
infrared  radiation  produced  by  an  infrared  lamp  that  consumes  energy  at  the  rate  of  100  W 
and  is  12%  efficient  only  is  (x  x  1019).  The  value  of  x  is; 

(Given  :  h  =  6625  x  10"34  J-s) 

9.  When  an  electron  makes  transition  from  (n  + 1)  state  to  n  state  the  wavelength  of  emitted 
radiations  is  related  to  n(n  »>  1)  according  to  X  «  nx . 

What  is  the  value  of  x  ? 

10.  For  3s  orbital  of  hydrogen  atom,  the  normalised  wave  function  is 


1  fir 

Y*  =— 7=  ~  27 

81v3ji^£Io  7 


18r  2r_ 

ao  Oq 


If  distance  between  the  radial  nodes  is  d.  Calculate  the  value  of - . 

1.73  a0 

11.  Find  the  separation  between  two  electrons  (in  A)  in  vacuum,  if  electrostatic  potential  energy 
between  these  electrons  is  7.67x  10-19J. 

[  Given:  e  =1.6xlO"19C  ;  e„=a85xl0‘12  J’1  C2m_1,  n  =  3.14]  , 

12.  An  a-  particle  moving  with  velocity  —  th  times  of  velocity  of  light.  If  uncertainty  in  position  is 

30 

3. 3 1. 

- pm,  then  minimum  uncertainty  in  kinetic  energy  isy  xlO_16J.  Calculate  the  value  ofy. 

71 

13.  In  a  sample  of  excited  hydrogen  atoms  electrons  make  transition  from  n  =  2  to  n  =  1.  Emitted 
photons  strike  on  a  metal  of  work  function  (<J>)  4.2eV 

Calculate  the  wavelength  (in  A)  associated  with  ejected  electrons  having  maximum  kinetic 
energy. 

14.  For  Is  orbital  of  Hydrogen  atom  radial  wave  function  is  given  as: 

.  /  .  \3/2 


R(r)  =  -U  — 

VTt^o 


(where  a0  =  0.529A) 


The  ratio  of  radial  probability  density  of  finding  electron  at  r  =  a0  to  the  radial  probability 
density  of  finding  electron  at  the  nucleus  is  given  as  ( x ,  e_<y) .  Calculate  the  value  of  (x  +  y). 

15.  Calculate  the  value  of  A. 

£ 

A  = — where  E^z:  Energy  of  electron  in  nlh  orbit;  Z-  atomic  number  of  hydrogen  like 


specie. 


\H8  KBS 


1.  {0  2.  (c)  3.  (c)  4.  (c)  5.  (a)  6.  (d)  7.  (b)  8.  (c)  9.  (b)  10.  <d) 


11.  (a)  12.  (d)  13.  (a)  ,  14.  (b)  15.  (c)  16.  (c)  17.  (c)  18.  (d)  18.  (d)  20.  (d) 

21.  (a)  22.  <b)  23.  (c)  24.  (a)  25.  (b)  26.  (b)  27.  (c)  28.  (c)  29.  (b)  38.  (a) 


!■  1 1  i1 11 


Passage-1 

1.  (c) 

2.  (a) 

3..  (c) 

Passage-2 

1.  (b) 

2.  (b) 

3.  (d) 

Passage-3 

1.  (d) 

2.  CO 

:  *  - 

Passage-4 

t.  (b) 

.  2.  (b) 

- 

Passage-5 

1.  (d)  , 

2.  (c) 

3.  (a) 

6.  (a,b,c) 
12.  (a,d) 
18.  (b,c) 


Match  the  Column 


1.  A  — >  P,  R; 

B—>  Q,  R; 

C-+S; 

Q»  R 

2.  A  — >  S; 

B->P,  R; 

C  ->  P,  R; 

D  P,  Q,  R 

3.  A  — >  S) 

B->Q; 

C  — >  R; 

D  ->  P 

4.  A-»Q; 

B->S; 

C  ->  P; 

D  — ►  R 

5.  A  — >  Q; 

B->$; 

C  R; 

’  D->  P 

6.  A  — ►  P,  Q,  R,  S; 

B  — >  Q,  R,  S; 

C->R; 

D->  R,S 

7.  A-4P,S; 

B— >  P,  Q,  S; 

C  ->  P,  Q,R,S; 

D  — ►  S 

8.  A  —y  Qi 

B->S; 

C  ->  R; 

D-»  P 

9.  A  -*  Q; 

B  — ►  Rj 

C->S; 

D  — >  P 

10.  A  ->  P;  Q 

B^Q; 

C  S; 

D  R 

11.  A->S; 

B  —>  R; 

C->  P; 

D  -►  Q 

12.  A-»S; 

B— >  P; 

C->Q; 

D  -►  R 

13.  A  -►  S; 

B— >  R; 

C->Q; 

D->  P 

14.  A  P; 

B  — ►  P,  Q,  Sj 

C  ->  Q,  S; 

D^Q,S 

15.  A  — »  Q; 

B->  R; 

C->S; 

D  ->  P 

One  or  More  Answers  is/are  Correct 

3.  (d) 


1.  (a.b,c) 

7.  (a,b,c,d) 
13.  (a,b,c,d) 
19.  (a,b,c,d) 


2.  {a,b,c) 
8.  (c) 

14.  (b,c,d) 
20.  (c,d) 


9.  (b.c.d) 
15.  (a,b,c,d) 
21.  (a,b,d) 


4.  (a,c,d) 
10.  (a,b,c,d) 
16.  (a,c) 

22.  (a,b,c,d) 


5.  (a,b,d) 
11.  (a,bPc,d) 
17.  (b,c,d) 


Assertion-Reason  Type  Questions 


1.  (B)  2.  (B)  3.  (A)  4.  (A)  5.  (A)  6,  (A)  7.  (A)  8.  (A)  9.  (B)  10.  (C) 

11.  (C)  12.  (A) 


Subjective  Problems 


Hints  and  Solutions 


Level  1 

2 

4.  (d)  Charge/mass  for  n  =  0,  for  a  =  — , 

4 

for  p  =  i .  for  e~  = - - - 

y  1  1/1837 

14,  (a)  Change  in  P.E.  -  -  —  +  (2x)  =>  -x 

4  2 

15.  (a)£„  =  -P.E,  =  -—  =  -3.4eV 

2  2 

_  "13-6 
v  E„  =>  — —  =  -3.4 


n  =  2  or  first  excited  state 


16.  (d)  Energy  of  N-shell  = 


-13.6  x(4)2 
(4)2 


=  -13.6  eV 


P.  E.  =  2  x  E  =>  2  x  - 1 3.6  =  - 27.2 eV 
—13  6 

17.  (b)  Total  energy  of  third  shell  - — r1- 

3Z 

=  -1.51  eV 

K.E.  =  -  Total  energy  =>  1.51  eV 
P.  E.  =  2  x  T.  E.  -  -3.02  eV 


18.  (c)  r  =  0.529  —  A; 

z 


1 4  -  r3  =  0.529 


851  x  10-10  m 


,  nz 

19.  (c)  r,  =  0.529  A;  r^x)  =  r,  x  — ; 

_  _  0.529  x(4}2. 

r400  =*  ^  Z  ~lO 

22.  (b)  ^  of  H-atom  =  0,529  A  rn 
n2 

(n  like  atom)  =  —  x  ^  (H-atom) 
Z 

n2 

rn  of  Be3*  =>  —  x  7j  (H-atom) 
=  0.529  A  (Z  =  4  for  Bc3+  ) 


n=  4  =  n  =  2 

24.  (d)  Frequency  of  revolution 

_  velocity  in  second  orbit  (V2) 


25.  (bH  = 


270*2 

1.082  xlO6  ms^1 
2x71  x  (2.12  xlO“10)m 
h  h  h 


mex  mpV  1840  meV 


=  8.2  xlO14  s_1 
[m  =1840  m  ] 


Hence,  V  = 


1840 


_  -  ,  .  Z  rr 

26.  (c)vk^;  roc  —  ; 

n  Z 


frequency  of  revolution  =  — — ; 

27trn 

Coulombic  force  of  attraction  = 


Ze 


(4tco)  r2 


33.  (d)  For  Be3*  Em  -  E2  -  +  13.6  -j 


=  13.6  54.4  eV 

2s 

^  "3  ti,2  1  1  1 

a..  (d,r<F;  ^-r-a-r2 

36.  (t)r«^; 


1 2  *1 
Z3  22 

x  T 

33 


1  °3 


32 

27 


37.  (d)  Xp  = 


h 

72  eV 


m 


*  ^2  x  3  eV  ^/2x3eVx9mp 

_  _  ^  m  1 

Hence,  — —  =  - — —  =  — t— 

Xp  y  2x  3eK  x  9mp  3V3 


38.  (c)  When  an  electron  of  charge  e  and  mass  m  is 
accelerated  with  a  potential  difference  of  V 
volts  K.E^eV 

=>  -  mv2  =  eV  or  v2  =  ^  g - 
2  m 


v  - 


2eV 

m 


-19  6  x  1G-18 

41.  (d)  Eh  in  first  orbit  = - : - J 


16 


E „  3+  in  second  orbit 

Be 

19.4  x  10~18N| 


) 

=  -19.4  xlO'18  J 

42.  (b)  n:  +  n2  =  4;  n1-n1=2,  n2  =  1,  n2-  3 

32R 

itur 

6.63  xlO'34 

r9 


43.  (d)  E  =  (mC)  C  or  momentum  of  photon  P  =  — 

C 


h 

X 


122x10 

27 


P  -  5.43  x  10~27  kg  ms  1 

As  photon  is  absorbed  and  atom  stops  so 
final  momentum  is  zero  as  per  law  of 
conservation  of  linear  momentum. 

1.67  xl0“27  x  v  =  5.43  x  10~27;  v  =  3.25  m/s 


44.  (d)  £  =  n  — 
X 


2  x  10“17  „  1240  eV.nm 

eV  =  n  x - x  - 


1.6  x  10'19 

n  -  60 


595.2  nm 


46.  (a)  m  - 10  10  g 
0.0001 


Av  -  - 


100 


=>  10  u  kg; 

X  1(T6  X 10'2  =  10'14  m  sec-1 


-  Ax  Ap- 


Ax  - 


4n 


Ax 


4nAp  4nmAv 
6.62  x  lCT34 

4  x  3.14  x  10~13  xlO'14 


6.62  10'34  o 

Ax=— —  x - — ;  Ax  =  5.2  x  1CT8  m 

12.56  lO’27 

h  h 


4nAp  4 n  x  mAv 


6.63  x  10'14 


4x3.14x9.1  xlO'31  x  1 

(v  Av  =  1  ra  /  s) 

Ax  =  58  pm 


51.  (c)  AE  =  13.6  Z2 


eV  atom" 


„2  2 
Vnl  n2> 

For  the  ionization  of  Li2+  (Z  =  3)  from  first 
excited  state,  nx  =  2  and  n2  ~  <>o. 

Hence,  IP  =  A£  =  13.6  x  32  x 
,  =  30.6  eV 

55.  (a)E=(mC)C  or  P  =  - 

C 

_  6xl06  x  1,6  x  10~19 

3  x  108 

=  3.2  x  10-21  kg-m/s 
Z2 

Encc - -  En  oc -Z2 

n 


57.  (b)* 

58.  (a)* 


mv 


Zee 


4ne0  r 2 


v2=- 


47i80rm 


(Hydrogen  Z  =  1) 


v2=- 


59.  (c)  —  -RZ2 
X 


4ne0rm 

1 _ ij 

[n2  n2j 


:=>  v  = 


=  x  32 


32 


R  or  X  =  - 
R 


60.  (b)  1  =  RZ2  ^  1 
X 


„2  2 

nn  n. 


L  fti 


■2  J 


=r 

Ll2  22  J 


=>  3R;  X  =  — 
3R 


67.  (c)  As  per  Einstein's  equation  of  photoelectric 
effect  hv  -  hv0  +  K.E. 

1  2  i.  he  he 

—  mv  —  hv  -  hvn  - - 

2  0  X  X0 


2  2hc 

=- - 

m 


v  = 


I  _  J_\ 

^ X  X0) 


The 

m  1 

^oJ_ 

nl/2 


2frc  ( X0-X 
m  [  XX0 


1/2 


47.  (c)  Ax « 


68.  (c) 


...(1) 


or 


3x^  =  4+  *  ...(2) 

A 

from,  eq.  (1)  and  (2)  $  =  0.5  eV 

69.  (c)  -  mv2  =  1240  eV  —  =  12.8  eV  -  27.2  eV 

2  31  nm 

=  -  X  9.1  X  10‘31  X  V2  =  27.2  X  1.6  X 10'19 
2 

v  =  3.09  x  106  m/s 

70.  (a)  ftv  =  ftv0  +  eV0;  eV0  -  ftv  -  ftv0  or 

ft  ft  .  ft 
V0  -  -  v  -  -  v0;  slopeT  =  - 
e  e  e 

Similarly,  ftv  -  hv0  +  Kmax 

or  Kmax  =  hv  -  ftv0; 

!  ,  siope2  ft 

slope2  =  ft,  — - - =  e 

slopej  ft/e 

„  13.6  13.6 

71.  (<1)^  =  — 2~  eV;  £2= — 3-; 

71  Z 

£4  =■  -  eV/atom 


AE=£4  -E2  =2.55eV 

Absorbed  energy  =  work  function  of  metal  +  K.E. 
2.55  "  2.5  +  K.E. ;  K.E.  =  0.05  eV 
h  1.23 


73.  (c)  X  = 


78.  (b)  v 


feeVm  4v 


R  hr  — 2  >  ni 55 1>  "2 


X,  1  1 


RX-1 


n,  - 


XJ?  -  1 


79.  (b)S.E,+£j: 

A  Aj  A2 

X  ^  X^X2  J  X}  +  X2 

80.  (a)  For  the  transition  n  =  1  to  n  -  2,  the  energy 

change,  AE  is  positive,  i.e.,  energy  is 
absorbed.  For  the  transition  n  =  5  to  n  =  1, 
A E  is  negative,  i.e.,  energy  is  released. 

__  -  x  nh  ,  h 

81.  (b)  v  mvrn  =  —  and  p  =  — 

2n  X 

2  x  ft  ft 

=  pr2=- -  =>  - 


ft  ft  , 

—  •  r2  =  —  ==>  X  =  7tt2, 

X  rc 


r2  =  4oq; 
X  -  40q7i 

82.  (c)  For  hydrogen  atom 


X  =  2170  nm- 2170  xl0~9  m; 

RH  =1.09677  xio7  nT1 

.-.  -^-  =  1.09677  xlO7  X-X  ;  n.=4 
•  2170  ["I  7  J 

So,  electron  transition  from  n  -  7  to  n  =  4 
will  produce  infrared  light  of  wavelength 
2170  nm. 

83.  (a)  Total  number  of  spectral  lines  given  by 

i  [n  ~ 1]  x  n  =  15;  n  =  6 

Thus,  electron  is  excited  upto  6th  energy 
level  from  ground  state.  Therefore, 

rR-[p-^]-,09737-I; 

X  =  9.373  x  10~6  cm  =  937.3  A 

84.  (c)  Maximum  number  of  electrons  with  same 

spin  is  equal  to  maximum  number  of 
orbitals,  i.e.,  (21+  1). 


85.  (c)  E  -  — —  =  nhcv 


10  -  nhcv  or  n  ■■ 


10  =  10 
ftcv  hex 


88,  (b)  I.  E.  -  +  13.6  x  — =-  eV  =  13.6  x4  =  54.4  eV 
rc 

for  2  mole  -  54.4  x  2  x  NA  eV  =  1 08.8  N A  eV 
93.  (a)  Use  (n  +  t)  rule. 

99.  (c)  7s  orbital,  with  low  value  of  (n  +  0- 
103.  (c)  1=4; 

number  of  degenerate  orbitals  =  21  +  1-  9; 
maximum  total  spins  =  9  x  i 

maximum  multiplicity  =  2S  +  1 

=  2x  —  +  1=10 
2 

minimum  total  spins  =  - 


PROBLEMS  IN  CHEMISTRY 


minimum  multiplicity  =2x-+l=2 

108.  (b)  4/  has  the  highest  energy  among 
3d,  4/,  4p,  5s  orbitals. 

111.  (d)  Orbital  angular  momentum 

=  +  1)  — ;  1  =  1  for  p-orbital. 

2tt 

115.  (b)  Fe(III) — [Ar]  3d5;  unpaired  electrons  =  5;  . 
magnetic  moment  -  5(5+  2)  BM 
Co(ll) — [Ar]  3d7;  unpaired  electrons  =  3; 
magnetic  moment  =.^3  x  (3  +  2)  BM 
117.  (d)  Given  p  =  >(n  +  2)  =  1.73  BM 

(where  n  is  number  of  unpaired  electrons) 

/.  n  =  1;  23 V  =  ls22s22p63s23p64s23d3 

mini  i  i  DO 

3d3  4s2 

for  n  =  1  it  must  release  4  electrons,  first  two 
*  from  4s -orbital  and  then  next  two  electrons 

from  3d-orbital.  So,  x  =  4. 

120.  (a)  The  order  of  screening  effects  of  sub-shells  is 

$  >  p  >  d  >  f. 

141.  (c)  For /  subshell  l  =  3;  g  subshell  /  -  4 
for  principal  shell,  l  =  4,  n  =  5 
total  no.  of  orbital  in  shell  =  n2  =  52  -  25 
147.  (c)  Unpaired  electron  of  Cl  atom  is  3p!  for 
which  n  =  3, 

1  =  1,  m  =  -l,  0  or  4*1  and  s  =  ±- 

2 

150.  (d)  A  :  excitation  possible  only  in  d-orbitals 

B  :  Spin  multiplicity  =  2|S|  +  1;  \S\ 

-  total  spin 

C  :  V  violated  Hund’s  rule 

D  :  A*  is  paramagnetic  due  to  unpaired  e” 
A  B,  C  are  correct. 

151.  (d)  Orbitals  are  4s,  2s,  3p  and  3d.  Out  of  these 

3d  has  highest  energy. 

172.  (d)  No.  of  spherical  nodes  =  n  -  l  - 1; 

fors,  p,  d, /values  of  l  =  0, 1,  2>  3  respectively. 

175.  (c)  Probability  of  finding  e“  is  zero  implies  that 
'V2  =  0  or  ¥  =  0 
=>  (a  -  1)  =  0  ==>  a  =  1 

or  rj  or  (a2 -8ct+ 12)  =  0 
2 z 


and  (a  -  6)  (a  -  2)  =  0 

a  3go 

a  =  6  ,  r  =  — - — 


a  =  2  ,  r  = 


Level  2 

1.  (c)  •  p.e.  =  • 


1  (+Ze)(-e) 


4nEQ  t 

1  (+2e)(-e)  e2 

47reo  r  In^r 

2.  (c)  Ionization  energy  : 

Z2 

-217.6  =  - 13.6  x— Z  =  4m 
i2 

So,  it  is  ®Be3+;  no.  of  neutrons  9-4  =  5 

_  ,  .  d[l/{r)]  3 Ke2  ,,  ...... 

3.  (c)  — - —  =  — t—  =>  Magnitude  of  the  force 

dr  r 

3Ke2  _  mv2 
rA  ~  r 

.  ,  nh  nh 

and  we  know  mvr  =  —  or  r  =  — - , 

2n  2 nm-v 

w  2  8rt3m3v3  2  n3h3 

3fCe  x — 3-r-  =  m/,  v  = - 5-=— =• 

n3ft3  24ffe27i3m2 

4.  (c)  -  i  x  P.E.  =  K.E 

2 


If  1  ,2^  1  2  nh 

2l  2  J  2  2rc 

2  _  n2h2  4  _  n2h2 
4rc2m2r2 '  2n2m2k2 


.  2  k(q,)q?  g?  r.v2 

5.  (a)  -mv  =  - 

2  r  m  2fc.q,.2 

q2  ^  2.5xlQ  H  x  (2.1  xlO7)2 

m  2x9  xlO9  x79  xl.6  xlO"19 

=>  4.84  xlO7  coulomb/ kg 


6.  (d)  v  =  ro>  where  rn  = 


4n2me2ZK 


and  vn  = 


2  nZe2K 


2nZ-ez>K 


nh  4n2me4Z  *  K 


CO  = 


8n3me4  Z2  ■  K2 


9n3me4K2 


(v  tt-2  and  Z  -  3) 


7.  (b)rnoc — ;  for  H,  r4  ~  r3  =  0.529(16  -  9) 
Z 


0.529  x9 A 

r4  -  r3  for  Li2+  =>  0.529 


16  9 


7  7 

=>  0.529  x  —  so  ratio - =  3:1 

3  7/3 

8.  (c)  v„  =  2.186  xlO6- 

71 

=>  1.093 xl06  =  2.186  xlO6  x  —  ;n  =  2 

n 

from  Bohr  theory  we  know  2izr  =  nX 

=>  ZX,  where  X  =  — 
mv 

n2  2 

or  r=  0.529— =>  0.529x4 A 
Z 

Circumference  of  the  orbit 

22 

=>  2  x  —  x  0.529  x  4  x  10-10 
7 

=>  13.30  xl0_lom 

9.  (b)  Angular  momentum  =  — 


3.1652  xlO-34 


2n 

w  n  x  6.626  x  10-34 
"  2ti 

n  =  3 


v=R-Z2-4 


=  R-2? 


22  32 


10.  (d)  Energy  of  photon  corresponding  to  second 
line  of  Balmer  series  for  Li2+  ion 


=  (13.6)  x (3)z 

L  2Z  4 


Energy  needed  to  eject  electron  from  n  =  2 
level  in  H-atom; 

,,,  l2  [1  1  1  13.6 

L22  °o2j  4 
K.E.  of  ejected  electron 

9x3  13.6  (27-4) 

=  13.6  x — — - =  13.6  x  I - - — 


=»  19.55  eV 

i  r  1  1  ^ 

11.  (a)  —-RZ2  — ^  >  where  n1  =  n, 

^  \nl  n2 ) 

n2  ~  n  +  1 

,  - L_| 

X  In2  (n  +  1)2J 


n2(n  +  l)2 


Since,  n  » 1; 
Therefore,  2n  +  1  *  2n 
and  (n+l)2*n2 


v  ZR7/ 


12.  (d) 


Total  radiations  are  =  6 

13.  (a)  If  a  is  side  of  cube,  then  Ax  =  aV3 

Ax  =  10^3  cm  =  10^3  x  10”3m 

Ax • Ap  =  — ;  Ax  m-Av  -  — 

4n  4tz 

A  k 

471771- Ax 

_ _ 6.63  X  10~34 _ 

~  4 x  3.14 x  9.1  xlO"31  x  10xV3xl0-3 

Av  «  3.34  x  10~3  ms-1 

14.  (b)  2 kt  =  4X;  n  =  4 

Total  energy  required  +  total  energy  released 
=  0 

2  x  4.526  eV  x  N A  +  2  x  13.6  x  NA  +  2  x  13.6 
x[i-A)  xNa  -30.87  xx  xNa  =  0 

x  =  2  moles  of  X  required  =  2 

15.  (c)  Work  function  for  Li2+  =  9E. 

1  9  1  o 

Ep  ~  w  +  -  mv2;  Ep  =  9E  +  -  mv 


V  rn 

16.  (c)  E  =  hcv  =>  1.63  x  1(T18  J 

,  n 


where  v  =  J?(1) 


l2  2Z 


3  R 

Translational  K.E.  of  H-atom  -  -  x  - — -  x  T 

2  Na 

-  X  — xT  -  1.63  Xl0~18 


2  6  x  10 


T  -7.84  xlO4  K 


17*  (c)  Radial  node  occurs  where  probability  of 

finding  e"  is  zero. 

y2  -  0  or  \j/=0 

6  -  6cr  +  cr2  -  0;  a  =  3  ±  73 

„  3  (3+  73)00 

For  max.  distance  r  = - — 


18.  Cd)  n°l~1)  =  6;n  =  4f 


Ea--  0.85  eV 


E1  =  - 13.6  eV 


12.75  eV 


A E  =  12.75  eV 

1240eV-nm 

eV  = - 

X 


X  -  97.25  nm 

19*  (d)  For  II  to  I  transition 

_  4  E  „  he  IF 


For  III  to  I  transition 


AE  -  2E  -  E 


3  x  A,  Xn 


20.  (d)  [u]  [uj  mutini  gt|  utiniiti  [7] 

Is  2s  2 p  3s  3 p  4s 


21.  (a)  Energy  absorbed  =  13.6  x  1.5  =  20.4  eV  of 

this  6.8  eV  is  converted  to  K.E. 

6.8  eV  =>  6.8  x  1.6x1 0‘19  J; 

6.8  x  1.6  x  10"19  =  K.  E.  =>  mv2 

-  I2^  x  1.088  x  1(F8 
V~\  m  "V  9.1  xlO-31 
=  1.54  x  10s  m/s 

22.  (b)  E=~  =  2.9xlQ-19  J 

Total  energy  of  10  quanta 
=»  10  x2.9  xlO"19  29  xlO19  J 
Energy  stored  for  process 
=  112x4.18  xlO3  19j 

6  xlO23 

7  8  x  10-19 

%  efficiency  =  — x  100  ^  26.9% 
29  x  10-19 

23.  (c)  Total  energy  emitted  by  photo-electron 

-  10.2+  17  =  27.20  eV 

Since,  E1  -  Photon  of  energy  emitted 

through  the  transition 

n  =  n  to  n  =  2=>  —  =  27.20  eV 


■  i 

We  have  —  =RH  Z2 

X.  M  [  22  n2 


■  =  (hc)RH-Z2 


22  n2. 


c.q.  uy  we  gee  n  —  c 

Out  of  6  electrons  in  2 p  and  3 p  must  have  on  putting  n  =  6  in  Eq.  (1)  or  (2),  we  get,  Z 

,1.  .  i  ^  u...  ....  hr.  1  240  ftV-ran 


.-.  27.20  =  (he) RHZ2[±-^\  ...(1) 

Similarly,  total  energy  liberated  during 
transition  of  electron  from  n  =  n  to  n  =  3  is 
he 

E2  =  —  =  (4.25  +  5.95)  -  10.20  eV 

A  2 

.-.  10.20  =  fhc) Rh  Z2  fi  -  -U  ...(2) 

Dividing  Eq.  (1)  by  (2),  we  get  n  =  6  and 

nuttinv  n  =  6  in  Rn.  TH  nr  wp  <rpf  7  =  3 


electron  with  m  =  +  1  and  s  =  -  -  but  in 

2 

3d-subshell  an  orbital  having  m  =  + 1  may 
have  spin  quantum  no.  -  ^  or  +  \ 

Therefore,  minimum  and  maximum 
possible  values  are  2  and  3  respectively. 


f  \  he  1240eV~nm 

24.  (a)  AE  -  —  =>  - — — 


AE  =  12.09  eV 


1025.6  x  10“10  x  109 


i 


■ATOMIC  STRUCTURE  I 


n  =  1 — 1 - 1 - -13.6 

AE  =  12.09  ;  n  =  3 

In  three  different  radiations,  minimum 
wavelength  for  3->  2  transition 
.  he  1240 eV-nm  „ 


x  - hc 


12.09  eV 


*  102.6  nm 


25  (b)  AE  =  —  =  (6-63  *  10  J-s)  (3.00 x  IQ8  m/s) 
X  3.055  xl0-8m 

=  6.52xl0"18  J 

A£h  =  —  (2.176  x  10-18  J) 

4 

=  1.63  x  10"18  J;  AE  =  AEh(Z2) 
j2  A E  (6.52  x  10~lg) 

AE„  (1.63  xlO-18)  ' 


Z  =  2  (helium) 

26.  (b)K.E.  =  K  Z&2e 

r 

9x109x29x2xQ,6x1Q-19)2 

5x1.6x10'19x106 

9xlQ9x29x2xl.6xlQ-19 

5xl06 

•=1.67xl0-14m 

27.  (c)  -v/v  =  aZ  -  ab 

ab  -  1,  a  =  tan  45°  =  1 
7^  =  51-1  =  50 
v  =  502  =  2500  s-1 

.  4  n2 

X  =  —  x— - 

R  n2-  4 

n2 

Given:  X  =  k  x— = - 


Comparing  equation  (1)  and  (2)  we  have 
R 


29.  (b)  2nrn  =  nX  x>  2k  x0.53 —  =  nX 

z 

X  -  2k  x0.53x— 


Esep  =  a4=ia6^I  =>  -  =  2 

n  z 


X  =  2px0.53x2  =  6.66  A 


Level  3 


Passage-1 

1.  (c)  Ax  Ap  =  —  :=>  Ap2  -  — 
4ti  4ji 


2 .  2  n 

=>  m  Av  = — =>  Av 


=J_  IE 

2m  V  n 


2.  (a)  A x  =  J— ;  AxAp  =  — 

V  4  run  4k 

h  .  h  lm/i 

A  ~A  A  f  \  A 

\  4tuh  4  7i  V  4n 


3*  (c)  XD*  A  =5 A 


and  Ax  -  Ap  ^  — ;  p  =  -  or  Ap  -  ^  AX 
4n  X  Xz 

,  h  ^  ^  h 

Ax—  x  AX>  — 


=>  —  x  — ■  x  AX  >  —  =>  AX  2.  x  10  10 
7i  X2  4 7i  4 


AX  £  0.625  A 

Passage-2 

1.  (b)  v  ^  -  Rh  xZ2  1  -  \\  for  Lyman’s  series 

X  In] 

For  He*  ion  series  limit  n  =  oo; 
i=R„x22[l--lIl  =*  i=RHx4 

*i  l  «°  J  , 

Similarly,  Balmer  series  limit  for  Li2+  ion 

^-=RHx32=9R„^9x-L^  X2=^ 
X2  4X  9 

2.  (b)6  =  (n2-n1)^2~^  +  1);  n2  =  4,  n,  =1 


i  =  RH  x  2s  f"l  -  — 
X  L  16J 

_  15  ,  4 

R  x  — ;  X  = - 

4  ISRu 


3.  (d) 


HZ2  -2  „2 


PROBLEMS  IN  CHEMISTRY 


for  n2  =  2  to  nx  - 1 

Passage-4 

1.  (b)  Total  energy  required  for  dissociation  of  02 
molecule  and  then  assigning  (0*)  leV  more 
energy  than  (0)^>  (480+96)^  576kJ/mol 
he 

Maximum  wavelength  E  =  —  ; 

X. 

he  .  12400 


19.  (a,  b,  c,  d) 

,  >  z 

(a)  v  oc  — 

n 


(b)  r  x  - 


(c)  P.E.  ■  (d)  K.E.  a:  ~ 

n2  n2 


Match  the  Column 

13.  (a)  s-orbital  v  r  =  0,  v|/  *  0  and  3  radial  nodes 
=>  4s 

(b)  3  radial  nodes  (s,  p,  d)  =>  4s,  Spx 

(c)  Angular  probability  is  dependent  of  6  and  § 
for  5 py,  6 d^ 

(d)  Atleast  one  angular  node  =>  5px(l);6d^(2) 


12400 


=  2066. 67 A 


2.  (b)  03(g)— — >02(g)  +  0  ....(0 

02(g) - ->0  +0*  ...(ii) 

Energy  required  for  (i)  reaction  is  =  400 
kJ/mol 

Normal  dissociation  of  02  required  =480 
kJ/mol  (given) 

each  (O*)  has  1  eV  more  energy  than  (0) 
and  given  1  eV/photon  =  96  kJ/mol 
So  total  energy  required  for  the  dissociation 
of  03  into  O  and  O*  is  400  +  480  +  96  =  976 
kJ/mol 

One  or  More  Answers  is/are  Correct 

1 5 .  (a,b,c,d)  At  the  point  of  maximum  value  of  RDF 
dP  ■ 


=  0; 


where  Z  =  3  for  Li2+  and  Z  =  2  for  the  He+; 
Z  =  1  for  hydrogen. 


Subjective  Problems 

11.  7.67xl0-»,  (1-6X10-19)2 

4xai4x8.85xl0"12xr 
=>  r  =  3.00  xlO-10  tn=  3A 

12.  d(KE)  =  mvdv  =  mv - 

4nmAx 

3xl08  6.62  xlO-34 

“  3  X.  a31  ...12 

4  xtc  x - xlO 

71 

=  5x10-16J 

13.  Ej,,  =  10.2  eV 

4>  =  4.  2eV 

KEmax=102-4.2=6eV 

Xe-=,&  =  5A 

V  6 

Radial  probability  density  at  r  =  Op  _  R^Qq) 
Radial  probability  density  at  r  =  0  R  2(0) 


For  Is  orbital:  R(r)  =  —j=  — 
vn  I^Oo 

R2(aoj  (l/7tag)e-2r/flQ 
R2(0)  (1/  7ta^)e° 


15.  A  = 


E12  -136x22x22.  16 

2E2fl  “  2xl2x(-ia6)xl2  “  2 


Gaseous  State 

The  state  is  characterized  by  sensitivity  of  volume  ‘change  with  change  of  pressure  and 
temperature.  It  is  due  to  large  distance  between  molecules  as  compared  to  their  own  dimensions. 
There  exists  weak  vander  Waal’s  forces. 

■Ideal  Gas:  A  gas  with  no  intermolecular  attractions  &  having  very  negligible  volume 
occupied  by  molecules  when  compared  with  volume  of  gas  is  termed  as  ideal  gas.  A  theoretical 
concept  which  for  gases  present  can  be  obtained  only  under  certain  condition. 

Parameter  associated  with  the  ideal  gas  :  P,  V,  T,  n 
where 

P  represents  pressure  exerted  by  the  gas  molecules  on  the  walls  of  the  container  assuming 
negligible  intermolecular  attractions, 

V  represents  free  volume  available  for  motion  (equal  to  the  volume  of  the  container), 

T  represents  absolute  temperature,  n  represents  no.  of  moles. 

*  Conversion  factors 

Pressure  :  atm=  =  1.013x10s  Pa  =760  mm  of  Hg  =  760  torr  =  1.013  bar 
Volume  :  1  L  =  1  dm3  =  10_3m3  =  1000  mL  =  1000cm3 

Temperature  :  Tk  +  273  =  ^  Tf°  +  255. 22 

instruments  for  Pressure  Calculations 

❖  Barometer:  The  instrument  used  for  the  measurement  of  atmospheric  pressure  is  called  a 
barometer. 

Axftxdxg 

A 

where  d  =  density  of  fluid 
h=  vertical  height 
g  =  acceleration  due  to  gravity 


❖  Manometer:  The  instrument  used  for  the  measurement  of  the  ptessure  of  a  gas  is  cailed  a 
manometer,  manometer  are  of  two  types 
(i)  Open  end  (ii)  Closed  end 

Experimental  Gas  Laws 


I. 

Boyle’s  law 

Voc  - 

p 

(T  &  n  constant) 

PM 

=  P2V. 2 

II. 

Charle’s  law 

V  ocT 

(P  &  n  constant) 

v, 

-V2 

h 

h 

III. 

Gay  Lussac’s  law 

P  ocP 

(V  &  n  constant) 

Pi 

_  P2 

Tx 

P2 

IV 

Avogadro’s  law 

V  oc  n 

(T  &.P  constant) 

Yl 

=  Y2_ 

_P2V2 

«i 

n2 

P  V 

Combined  Gas  law  :  — 

Tx  T2 

Equation  of  State:  PV  -  nRT 

w 

PV  =  —  RT  R  is  Universal  Gas  constant, 

M 

R  =  0.0821  atm.  L/K.  mol  =  8.314  Joule/K.  Mol  «  2cal/  K.mol 
density  of  gas  (d)  = 

❖  Dalton’s  law  of  partial  pressure: 

^total  -PA+PB+ . 

PA,PB  are  partial  pressures;  PA  =mole  fraction  A  x  Total  pressure 

,  ,  .  .  Partial  pressure  ,  „ 

and  %  of  gas  in  mixture  = - - - x  100 

Total  pressure 

f\vet  gas  =  ^dry  gas  r  20  vapour  (SQUeOUS  tension) 

❖  Amagat's  law:  The  total  volume  of  a  mixture  of  gases  is  equal  to  the  sum  of  the  partial 
volumes  of  the  constituent  gases,  at  same  Temperature  &  Pressure. 

❖  Relative  humidity: 

%  Relative  humidity  =  PtMial  pmstue  of  x  10Q 

Vapour  pressure  of  H20  (f) 

❖  Graham’s  law  of  Diffusion  or  Effusion: 

IIP 

r  qc  or  r  oc  r  oc  [  For  gases  effusing  at  different  pressures] 

id  Vm  Vm 

r  is  rate  of  diffusion  of  any  gas,  d  is  density  at  same  temperature* 
ri  _  fe  _  |m2  _  (M 2  _  Pressure  drop  I 

r2  Ui  V  ^2  / 12  \Mi  Pressure  drop  II 

moles  diffused  distance  travelled  in  a  narrow  tube 

r  = - = - 

time  taken  time  taken 


Isotopic  Separation  Factor: 


After  x  steps  of  separation,  isotopic  separation  factor  (/)  =  ..^nt  C  n  final  = 

(nl  /  n  2  initial  ■ 

_  2  log/ 


or 


"a® 


Kinetic  Theory  of  Gases 


PV  =  —  m  JV  u  2  =  ±Mu2  (For  1  mole) 
3  3 


Types  of  speeds: 

.  .  5  ul  + 

❖  Mean  square  speed,  u  =  — - - - ” 


N 


❖  Root  mean  square  speed,  u  = 


3RT  _  (3 PV  I3P 
M  V  nM  v  d 


.a  ,  u,  +u2+....+uw  r 

❖  Average  speed  =  — - - - —  -  . 

N  V 


8KT  =  - 
nM  U 


Most  probable  speed 


mps 


I2RT 
V  M 

Relationship  between  three  types  of  speeds 

*  Most  probable:  average  :  r.m.s.  =  V2.:  ^ :  -J3  =  1:1.13:1.22 

*■'  ^ mis  tJav  >  nmp 

3  R  3 

Average  kinetic  energy  of  a  single  molecule  = - T  =~kT 

2  N  2 

where,  k  =Boltzman  constant  =  1.3806  x  10“16  erg  deg 

3 

*  Total  kinetic  energy  for  one  mole  of  a  gas  =-RT. 

3 

*  Kinetic  energy  of  n  moles  of  a  gas  -n-x-RT 

Maxwell  speed  distribution  Law: 

\3/2 


.-1 


T\>T 


dNu  =  4rtN| 


=  4 nN 


/  M  V 
K2nRT; 


exp  (-Mu  ^/  2RT)  u  2du 


m 


3/2 


exp  (-mu  2/2k7’)  u2du 


2nkT 


Real  Gases 

Real  gases:  Gases  which  do  not  obey  perfect  gas  laws  over  a  wide  range  of  pressure  and 
temperature  are  called  real  or  non-ideal  gases.  These  deviations  are  due  to  the  interactions  of 
molecules  with  each  other  and  volume  occupied  by  gas  molecules.  The  repulsive  forces  between 
molecules  assist  expansion  and  attractive  forces  assist  compression. 

❖  Deviation  from  ideal  behaviour 

The  curve  for  the  real  gas  has  a  tendency  to  coincide  with  that  of  an 
ideal  gas  at  low  pressures  when  the  volume  is  large.  At  higher  pressures, 
however  deviations  are  observed. 

Vander  Waals  equation  of  state 

P  +  2Hl\(V-nb)  =  nRT 
V2  ) 

a,  b  are  Vander  Waals  constants;  different  for  each  gas 

unit  of  a - ►  atm  L2  mol-2  ;  S.I.  unit - ►  Pa  m 6  mol-2 

unit  of  b - ►  Lmol"1  ;  S.I.  unit - Mn3  mol-1 

greater  the  value  of 'd  more  easily  the  gas  is  liquefiable; 
greater  the  value  of  ‘b’  greater  the  molecular  size, 

❖  Compressibility  factor 

_  PV  molar  volume  observed 

nRT  molar  volume  ideal 


p/101.325  kPa  p/101.325  kPa 


❖  Interpretation  of  deviation  from  vander  Waals  equation 

PV  a 

(i)  At  low  pressure  Z  =  — -  =  1 - 

RT  VRT 

'  *  u-  u  ^  PV  Pb 

(n)  At  high  pressure  Z  =  —  =  1  +  — 

RT  RT 

■  pv 

(iii)  At  extremely  low  pressure  Z  -  —  =  1 ;  PV  =  nRT 


❖  Virial  equation  of  state  for  1  mole  of  gas 

PV  111 

Z  =  —  =1 +  B-  +  C-V  +  D-V+.... 

RT  V  V2  V3 

B  =  second  virial  coefficient  =  b  -  — 

RT  gas  dependent 

C  =  third  virial  coefficient  =  b2 


■gaseous  state) 


Boyle  temperature  (TB ):  The  temperature  at  which  a  real  gas  obeys  Boyle’s  law  (f.‘e 
behaves  as  an  ideal  gas)  in  low  pressure  range. 

T  _  Q  * 

■B  ~  bR 

❖  Inversion  temperature:  The  temperature  at  which  a  real  gas  show  no  Joule-Thomson 
effect  is  called  its  inversion  temperature  (Tt) 

Ti=2TB=  — 
bR 

In  Joule-Thomoson’s  effect,  all  gases  except  H2  and  He  showed  cooling  effect  while  H2  and  He 
showed  heating  effect. 

❖  Critical  constants 

(i)  Critical  temperature  (Tc)  :  Tc  is  the  maximum  temperature  at  which  a  gas  can  be 
liquefied,  i.e.,  the  temperature  above  which  a  liquid  can  not  exist. 

T  0° 
c  "  27 Rb 

(ii)  Critical  pressure  (Pc  )  :  Pc  is  the  minimum  pressure  required  to  cause  liquefaction  at 
the  temperature  Tc. 

P  =_2_ 

,  e  27b2 

(iii)  Critical  volume  (Vt)  :  Vc  is  the  volume  occupied  by  one  mole  of  gas  at  critical 

temperature  and  critical  pressure.  _ _ _ _ _ , 

Vc  -  3b  p  t  WWT,  i 

(iv)  Compressibility  factor  under  critical  state  of  a  gas  I  l  \  \  : 

Z..SSL  \\\  I 


Now  substituting  the  values  of  Pc,  Vc  and  Tc  we  get 

— "  2  =  — 

c  8 

❖  The  law  of  corresponding  states 


|  | 
j  | _ | _ a  M  i 

.  L _ *  _J 


n  TV 

pr=^~,  Tr=—  and  Vr  =  — 

Pc  Tc  Vc 


(Pr  +  3/  Vrr2)(3Vr  -1)  =  8Tr 


PVm  _  iprpcXVrVc)  _  PcVe  f  prVr  )  3 PrVt 


RT  R(.TrTc )  Tc  {  Tr  J  8Tr 


PROBLEMS  IN  CHEMISTRY 


1.  Which  one  of  the  following  statements  is  not  correct  about  the  three  states  of  matter  i.e.,  solid, 
liquid  and  gaseous  ? 

(a)  Molecules  of  a  solid  possess  least  energy  whereas  those  of  a  gas  possess  highest  energy 

(b)  The  density  of  solid  is  highest  whereas  that  of  gases  is  lowest 

(c)  Gases  and  liquids  possess  definite  volumes 

(d)  Molecules  of  a  solid  possess  vibratory  motion 

2.  Which  of  the  following  curve  does  not  represent  Boyle’s  law? 


3.  A  certain  sample  of  gas  has  a  volume  of  0.2  litre  measured  at  1  atm  pressure  and  0°C.  At  the 
same  pressure  but  at  273°C,  its  volume  will  be: 

(a)  0.4  litre  (b)  0.8  litre  (c)  27.8  litres  (d)  55.6  litres 

4.  Among  the  following  curves,  which  is  not  according  to  Charle’s  law  ? 


5.  At  what  temperature,  the  sample  of  neon  gas  would  be  heated  to  double  its  pressure,  if  the 
initial  volume  of  gas  is  reduced  by  15%  at  75°C  ? 

(a)  319°C  (b)  592°C  (c)  128°C  (d)  60°C 

6.  Which  is  correct  curve  for  Charle’s  law,  when  the  curve  is  plotted  at  0.821  atm  pressure  for  10 
mole  ideal  gas? 


7.  At  constant  volume,  for  a  fixed  number  of  moles  of  a  gas,  the  pressure  of  the  gas  increases  with 
increase  in  temperature  due  to: 

(a)  Increase  in  the  average  molecular  speed 

(b)  Increase  rate  of  collision  amongst  molecules 

(c)  Increase  in  molecular  attraction 

(d)  Decrease  in  mean  free  path 

.8.  Which  in  not  correct  curve  for  gay-lusacc’s  law  ? 


9.  Three  flasks  of  equal  volumes  contain  CH4,  C02  and  Cl2  gases  respectively.  They  will  contain 
equal  number  of  molecules  if  : 

(a)  the  mass  of  all  the  gases  is  same 

(b)  the  moles  of  all  the  gas  is  same  but  temperature  is  different 

(c)  temperature  and  pressure  of  all  the  flasks  are  same 

(d)  temperature,  pressure  and  masses  same  in  the  flasks 
10.  Which  is  incorrect  curve  for  Boyle’s  law  ? 


11.  “Equal  volumes  of  all  gases  at  the  same  temperature  and  pressure  contain  equal  number  of 
particles.”  This  statement  is  a  direct  consequence  of  : 

(a)  Avogadro’s  law  (b)  Charle’s  law 

(c)  Ideal  gas  equation  (d)  Law  of  partial  pressure 

12.  A  2.24L  cylinder  of  oxygen  at  1  atm  and  273  K  is  found  to  develop  a  leakage.  When  the 
leakage  was  plugged  the  pressure  dropped  to  570  mm  of  Hg.  The  number  of  moles  of  gas  that 
escaped  will  be  : 

(a)  0.025  (b)  0.050  (c)  0.075  (d)  0.09 

13.  Which  of  the  following  curve  is  correct  for  an  ideal  gas  ? 


14.  In  the  equation  of  state  of  an  ideal  gas  PV  =  nRT,  the  value  of  the  universal  gas  constant  is  not 
correct  : 

(a)  8.314  JK-1mol-1  (b)  0.0821  atm  L  mol_1K_1 

(c)  0.8314  b  L  mol^K-1  (d)  2  cal  mol^K-1  ’ 

15.  At  0°C  and  one  atm  pressure,  a  gas  occupies  100  cc.  If  the  pressure  is  increased  to  one  and  a 
half-time  and  temperature  is  increased  by  one-third  of  absolute  temperature,  then  final 
volume  of  the  gas  will  be: 

(a)  80  cc  (b)  88.9  cc  (c)  66.7  cc  (d)  100  cc 

16.  10  gm  of  a  gas  at  1  atm  and  273  K  occupies  5  litres.  The  temperature  at  which  the  volume 
becomes  double  for  the  same  mass  of  gas  at  the  same  pressure  is: 

(a)  273  K  (b)  -273°C  (c)  273°C  (d)  546°C 

17.  Which  of  the  following  curve  does  not  represent  gay  lusacc’s  law? 


18.  Densities  of  two  gases  are  in  the  ratio  1  :  2  and  their  temperatures  are  in  the  ratio  2  : 1,  then 
the  ratio  of  their  respective  molar  mass  at  certain  pressure  is: 

(a)  1  :  1  (b)  1  :  2  (c)  2  :  1  (d)  4  :  1 

19.  TVvo  separate  bulbs  contain  ideal  gases  A  and  B.  The  density  of  gas  A  is  twice  that  of  gas  B.  The 
molecular  mass  of  A  is  half  that  of  gas  B.  The  two  gases  are  at  the  same  temperature.  The  ratio 
of  the  pressure  of  A  to  that  of  gas  B  is  : 

(a)  2  (b)  1/2  (c)  4  (d)  1/4 

20.  Volume  of  the  air  that  will  be  expelled  from  a  vessel  of  300  cm3  when  it  is  heated  from  27°C  to 

37°C  at  the  same  pressure  will  be: 

(a)  310  cm3  (b)  290  cm3  (c)  10  cm3  (d)  37  cm3 

21.  V  versus  T  curves  at  constant  pressure  Pt  and  P2  for  an  ideal  gas  are  shown  in 
fig.  Which  is  correct? 

(a)  P,  >  P2  (b)Pi<P2 

(c)  Pj  =  P2  (d)  All  of  these 

T 

22.  two  flasks  A  and  B  of  500  mL  each  are  respectively  filled  with  02  and  S02  at  300  K  and  1  atm. 
pressure.  The  flasks  will  contain: 

(a)  The  same  number  of  atoms 

(b)  The  same  number  of  molecules 

(c)  More  number  of  moles  of  molecules  in  flask  A  as  compared  to  flask  B 

(d)  The  same  amount  of  gases 

23.  2.8  g  of  a  gas  at  latm  and  273K  occupies  a  volume  of  2.24  litres,  the  gas  can  not  be: 

(a)  02  (b)  CO  (c)  N2  (d)  C2H4 

24.  Five  grams  each  of  the  following  gases  at  87°C  and  750  mm  pressure  are  taken.  Which  of  them 

will  have  the  least  volume  ?  ; 

(a)  HF  (b)  HC1  (c)  HBr  (d)  HI 

25.  At  what  pressure  a  quantity  of  gas  will  occupy  a  volume  of  60  mL,  if  it  occupies  a  volume  of 
100  mL  at  a  pressure  of  720  mm  (while  temperature  is  constant)  : 

(a)  700  mm  (b)  800  mm  (c)  100  mm  (d)  1200  mm 

26.  At  1  atm  and  273  K  the  density  of  gas,  whose  molecular  weight  is  45,  is: 

(a)  44.8  g/L  (b)  11.4  g/L  (c)  2  g/L  (d)  3  g/L 

27.  A  small  bubble  rises  from  the  bottom  of  a  lake,  where  the  temperature  and  pressure  are  8°C 
and  6.0  atm,  to  the  water's  surface,  where  the  temperature  is  25°C  and  pressure  is  1.0  atm. 
Calculate  the  final  volume  of  the  bubble  if  its  initial  volume  was  2  mL. 

(a)  14  mL  (b)  12.72  mL  (c)  11.31  mL  (d)  15  mL 

28.  Argon  is  an  inert  gas  used  in  light  bulbs  to  retard  the  vaporization  of  the  filament.  A  certain 

light-bulb  containing  argon  at  1.25  atm  and  18°C  is  heated  to  85°C  at  constant  volume. 
Calculate  its  final  pressure. 

(a)  1.53  atm  (b)  1.25  atm  (c)  1.35  atm  (d)  2  atm 

29.  Calculate  the  volume  of  02  at  1  atm  and  273  K  required  for  the  complete  combustion  of  2.64  L 

of  acetylene  (C2H2)  at  1  atm  and  273  K.  2C2H2(g)  +  502(g)  - >  4C02(g)  +  2H2O(0 

(a)  3.6  L  (b)  1.056  L  (c)  6.6  L  (d)  10  L 


30.  The  density  of  02  (g)  is  maximum  at : 

(a)  STP  (b)  273  K  and  2  atm 

(c)  546  K  and  1  atm  (d)  546  K  and  2  atm 

31.  At  27°C  a  sample  of  ammonia  gas  exerts  a  pressure  of  5.3  atm.  What  is  the  pressure  when  the 
volume  of  the  gas  is  reduced  to  one-tenth  of  the  original  value  at  the  same  temperature? 

(a)  0.53  atm  (b)  5.3  atm  (c)  53  atm  (d)  None  of  these 

32.  A  certain  amount  of  gas  at  25°C  and  at  a  pressure  of  0.80  atm  is  contained  in  a  glass  vessel. 
Suppose  that  the  vessel  can  withstand  a  pressure  of  2.0  atm.  How  high  can  you  raise  the 
temperature  of  the  gas  without  bursting  the  vessel? 

(a)  745°C  (b)  472°C  .(c)  500°C  (d)  None  of  these 

33.  Which  one  of  these  graphs  for  an  ideal  gas,  the  arrow  indication  is  incorrectly  marked  ? 


34.  The  pressure  of  sodium  vapour  in  a  1.0  L  container  is  10  torr  at  1000°C.  How  many  atoms  are 
in  the  container? 

(a)  9.7  x  1017  (b)  7.6  x  1019 

(c)  4.2  x  1017  (d)  9.7  x  1019 

35.  An  ideal  gaseous  mixture  of  ethane  (C2H6)  and  ethene  (C2H4 )  occupies  28  litre  at  at  1  atm 
and  273  K.  The  mixture  reacts  completely  with  128  gm  02  to  produce  C02  and  H20.  Mole 
fraction  at  C2H4  in  the  mixture  is  : 

(a)  0.6  (b)  0.4  (c)  0.5  (d)  0.8 

36.  A  certain  hydrate  has  the  formula  MgS04.xH20.  A  quantity  of  54.2  g  of  the  compound  is 
heated  in  an  oven  to  drive  off  the  water.  If  the  steam  generated  exerts  a  pressure  of  24.8  atm  in 
a  2.0  L  container  at  120°C,  calculate  x. 

(a)  2  (b)  5  (c)  6  (d)  7 

37.  Air  entering  the  lungs  ends  up  in  tiny  sacs  called  alveoli.  It  is  from  the  alveoli  that  oxygen 
diffuses  into  the  blood.  The  average  radius  of  the  alveoli  is  0.0050  cm  and  the  air  inside 
contains  14  per  cent  oxygen.  Assuming  that  the  pressure  in  the  alveoli  is  1.0  atm  and  the 
temperature  is  37°C,  calculate  the  number  of  oxygen  molecules  in  one  of  the  alveoli. 

(a)  6  x  1013  (b)  1024  (c)  1.7  x  1022  (d)  1.7  x  109 


38.  Nitrogen  forms  several  gaseous  oxides.  One  of  them  has  a  density  of  1.33  g/L  measured  at 
764  mmHg  and  150°C.  Write  the  formula  of  the  compound. 

(a)  NO  (b)  NzO  (c)  N02  (d)  N205 

39.  Starting  out  on  a  trip  into  the  mountains,  you  inflate  the  tires  on  your  automobile  to  a 
recommended  pressure  of  3.21  x  105  Pa  on  a  day  when  the  temperature  is  -  5.0°C.  You  drive 
to  the  beach,  where  the  temperature  is  28.0°C.  Assume  that  the  volume  of  the  tire  has 
increased  by  3%.  What  is  the  final  pressure  in  the  tyres? 

(a)  350  Pa  (b)  3500  Pa  (c)  3.5  x  10s  Pa  (d)  None  of  these 

40.  A  compressed  cylinder  of  gas  contains  1.50  x  103  g  of  N2  gas  at  a  pressure  of  2.0  x  107  Pa  and 
a  temperature  of  17.1°C.  What  volume  of  gas  has  been  released  into  the  atmosphere  if  the  final 
pressure  in  the  cylinder  is  1.80  x  105  Pa?  Assume  ideal  behaviour  and  that  the  gas 

temperature  is  unchanged. 

(a)  1260  L  (b)  126  L  (c)  12600  L  (d)  45  L 

41.  A  high-altitude  balloon  is  filled  with  1.41  x  104  Lof  hydrogen  at  a  temperature  of  2 1°C  and  a 
pressure  of  745  torr.  What  is  the  volume  of  the  balloon  at  a  height  of  20  km,  where  the 
temperature  is  -  48°C  and  the  pressure  is  63.1  torr? 

(a)  1.274  x  10s  L  (b)  1.66  x  10s  L  (c)  1.66  x  104  L  (d)  None  of  these 

42.  The  atmospheric  pressure  on  Mars  is  0.61  kPa.  What  is  the  pressure  in  mm  Hg? 

(a)  0.63  (b)  4.6  (c)  6.3  (d)  3.2 

43.  The  density  of  liquid  gallium  at  30°C  is  6.095  g/mL.  Because  of  its  wide  liquid  range  (30  to 
2400°C),  gallium  could  be  used  as  a  barometer  fluid  at  high  temperature.  What  height  (in  cm) 
of  gallium  will  be  supported  on  a  day  when  the  mercury  barometer  reads  740  torr? 

(The  density  of  mercury  is  13.6  g/mL.). 

(a)  322  (b)  285  (c)  165  (d)  210 

44.  A  weather  balloon  is  inflated  with  helium.  The  balloon  has  a  volume  of  100  m  3  and  it  must  be 
inflated  to  a  pressure  of  0.10  atm.  If  50  L  gas  cylinders  of  helium  at  a  pressure  of  100  atm  are 
used,  how  many  cylinders  are  needed?  Assume  that  the  temperature  is  constant. 

(a)  2  (b)  3  (c)  4  (d)  1 

45.  A  balloon  contains  14.0  L  of  air  at  760  torr.  What  will  be  the  volume  of  the  balloon  when  it  is 
taken  to  a  depth  of  10  ft.  in  a  swimming  pool?  Assume  that  the  temperature  of  the  air  and 
water  are  equal,  (density  :  Hg  =  13.6 g/mL.) 

(a)  11.0  (b)  11.3  (c)  10  (d)  10.8 

46.  A  0.50  L  container  is  occupied  by  nitrogen  at  a  pressure  of  800  torr  and  a  temperature  of  0°C. 
The  container  can  only  withstand  a  pressure  of  3.0  atm.  What  is  the  highest  temperature  (°C) 
to  which  the  container  may  be  heated? 

(a)  505  (b)  450  (c)  625  (d)  560 

47.  Equal  volumes  of  oxygen  gas  and  a  second  gas  weigh  1.00  and  2.375  grams  respectively  under 
the  same  experimental  conditions.  Which  of  the  following  is  the  unknown  gas? 

(a)  NO  (b)  SO  2  (c)  CS2  (d)  CO 

48.  A  high  altitude  balloon  contains  6.81  g  of  helium  in  1.16  x  104  L  at  -  23°C.  Assuming  ideal  gas 
behaviour,  how  many  grams  of  helium  would  have  to  be  added  to  increase  the  pressure  to 
4.0  x  10“3  atm? 

(a)  1.27 


(b)  1.58 


(c)  2.68 


(d)  2.13 


49.  A  4.40  g  piece  of  solid  C02  (dry  ice)  is  allowed  to  sublime  in  a  balloon.  The  final  volume  of  the 
balloon  is  1.00  L  at  300  K.  What  is  the  pressure  (atm)  of  the  gas? 

(a)  0.122  (b)  2.46  (c)  122  (d)  24.6 

50.  For  a  closed  (not  rigid)  container  containing  n  =  10  moles  of  an  ideal  gas  fitted  with  movable, 
frictionless,  weightless  piston  operating  such  that  pressure  of  gas  rehiains  constant  at  0.821 
atm,  which  graph  represents  correct  variation  of  log  V  vs  log  T  where  V  is  in  litre  and  T  in 
kelvin. 


(a)  j? 

log  T  log  T 


51.  The  intercept  ony-axis  and  slope  of  curve  plotted  between  P/Tvs.  T 

For  an  ideal  gas  having  10  moles  in  a  closed  rigid  container  of  volume  8.21  L.  ( P  =  Pressure  in 
atm  and  T  =  Temp,  in  K,  log10  2  =  0.30)  are  respectively  : 

(a)  0.01,  0  (b)  0.1,  0  (c)  0.1,  1  (d)  10,  1 

52.  A  He  atom  at  300  K  is  released  from  the  surface  of  the  earth  to  travel  upwards,  assuming  that 

it  undergoes  no  collision  with  other  molecules,  how  high  will  it  be  before  coming  to  the  rest? 
(a)  9.53  m  (b)  95.3  m  (c)  953  m  (d)  9.53  x  104  m 


53. 

54. 


The  density  of  gas  A  is  twice  that  to  B  at  the  same  temperature  the  molecular  weight  of  gas  B  is 
twice  that  of  A.  The  ratio  of  pressure  of  gas  A  and  B  will  be  : 

(a)  1  :  6  (b)  1  :  1  (c)  4  :  1  (d)  1  :  4 


Two  inflated  ballons  I  and  II  (thin  skin)  having  volume 
600  mL  and  1 500  mL  at  300  mL  K  are  taken  as  shown 
in  diagram.  If  maximum  volume  of  inner  and  outer 
balloons  are  800  mL  and  1800  mL  respectively  then 
find  the  balloon  which  will  burst  first  on  gradual 
heating. 

(a)  inner  balloon 

(b)  outer  balloon 

(c)  both  simultaneously 

(d)  unpredictable 


Inner  balloon 

Outer  balloon 
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55.  An  open  flask  containing  air  is  heated  from  300  K  to  500  K.  What  percentage  of  air  will  be 
„  escaped  to  the  atmosphere,  if  pressure  is  keeping  constant? 

(a)  80  (b)  40  (c)  60  (d)  20 

56.  The  value  of  universal  gas  constant  R  depends  on  : 

(a)  temperature  of  gas  (b)  volume  of  gas 

(c)  number  of  moles  of  gas  (d)  units  of  volume  and  pressure 

57.  A  manometer  attached  to  a  flask  contains  with  ammonia  gas  have  no  difference  in  mercury 
level  initially  as  shown  in  diagram.  After  sparking  into  the  flask,  ammonia  is  partially 

dissociated  as  2NH3  (g)  - >  N2  (g)  +  3H2  (g)  now  it  have  difference  of  6  cm  in  mercury 

level  in  two  columns,  what  is  partial  pressure  of  H2  (g)  at  equilibrium? 

’  Pern  -  76  cm  Hg 


(a)  9  cm  Hg  (b)  18  cm  Hg 

(c)  27  cm  Hg  (d)  None  of  these 

58.  An  ideal  gas  is  collected  by  downward  displacement  of  water.  Select  the  correct  expression  for 
Pgas  according  to  the  diagram  [dHg  =13.6g/cm3] : 


59.  A  bubble  of  gas  released  at  the  bottom  of  a  lake  increases  to  four  times  its  original  volume 
when  it  reaches  the  surface.  Assuming  that  atmospheric  pressure  is  equivalent  to  the  pressure 
exerted  by  a  column  of  water  10  m  high,  what  is  the  depth  of  the  lake? 

(a)  20  m  (b)  10  m  (c)  30  m  (d)  40  m 

60.  Calculate  the  number  of  moles  of  gas  present  in  the  container  of  volume  10  L  at  300  K.  If  the 
manometer  containing  glycerin  shows  5  m  difference  in  level  as  shown  diagram. 

(Given  :  £^lycerin  =  2.72  g/mL;  dmcrcury  =  13.6  g/mL) 
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PBim  ~  1  atm 


(a)  0.94  mole  (b)  0.49  mole  (c)  0.64  mole  (d)  none  of  these 

61.  A  rigid  vessel  of  volume  0.50  m3  containing  H2  at  20.5°C  and  a  pressure  of  611  x  103  Pa  is 
connected  to  a  second  rigid  vessel  of  volume  0.75  m3  containing  Ar  at  31.2°C  at  a  pressure  of 
433  x  103  Pa.  A  valve  separating  the  two  vessels  is  opened  and  both  are  cooled  to  a 
temperature  of  14.5°C.  What  is  the  final  pressure  in  the  vessels? 

(a)  2  x  10s  (b)  3.22  x  10s  Pa 

(c)  4840  Pa  (d)  4.84  x  10s  Pa 


62.  Two  glass  bulbs  A  and  B  at  same  temperature  are  connected  by  a  very  small  tube  having  a 
stop-corck.  Bulb  A  has  a  volume  of  100  cm3  and  contained  the  gas  while  bulb  B  was  empty.  On 
opening  the  stop-corck,  the  pressure  fell  down  to  20%.  The  volume  of  the  bulb  B  is  : 

(a)  100 cm3  (b)  200 cm3 

(c)  250  cm3  (d)  400  cm3 

63.  A  mixture  of  C2H2  and  C3H8  occupied  a  certain  volume  at  80  mm  Hg.  The  mixture  was 
completely  burnt  to'C02  and  H20(i).  When  the  pressure  ofC02  was  found  to  be  230  mm  Hg  at 
the  same  temperature  and  volume,  the  mole  fraction  of  C3H8  in  the  mixture  is  : 

(a)  0.125  (b)  0.875 

(c)  0.6  (d)  0.8 

64.  The  total  pressure  of  a  mixture  of  oxygen  and  hydrogen  is  1.0  atm.  The  mixture  is  ignited  and 
the  water  is  removed.  The  remaining  gas  is  pure  hydrogen  and  exerts  a  pressure  of  0.40  atm 
when  measured  at  the  same  values  of  T  and  V  as  the  original  mixture.  What  was  the 
composition  of  the  original  mixture  in  mole  per  cent? 

(a)  x02  =  0.2;  x„2  =  0.8  (b)  *o2  =  0-4  *h2  =  °-6 

(c)  x02  =  0.6;  xHj  =  0.4  (d)  x0a  =  0.8;  x„2  =  0.2 

65.  Two  closed  vessel  A  and  B  of  equal  volume  of  8.21  L  are  connected  by  a  narrow  tube  of 
negligible  volume  with  open  valve.  The  left  hand  side  container  is  found  to  contain  3  mole 
C02  and  2  mole  of  He  at  400  K,  what  is  the  partial  pressure  of  He  in  vessel  B  at  500  K? 

(a)  2.4  atm  (b)  8  atm  (c)  12  atm  (d)  None  of  these 

66.  At  STP  a  container  has  1  mole  of  He,  2  mole  Ne,  3  mole  02  and  4  mole  N2.  Without  changing 

total  pressure  if  2  mole  of  02  is  removed,  the  partial  pressure  of  02  will  be  decreased  by : 
(a)  26%  Cb)  40% 

(c)  58.33%  (d)  66.66% 


/ 


67.  A  8  2 1  mL  N  2  (g  )  was  collected  over  liquid  water  at  300  K  and  1  atm .  If  vapour  pressure  of  H  20 
is  30  torr  then  moles  of  N2  (g)  in  moist  gas  mixture  is  : 

(a)  0.39  (tO  0.032 

(c)  0.96  (d)  0.0013 

68.  Let  p  and  ps  be  the  partial  pressure  of  H20  (g)  and  vapour  pressure  of  H20  (?)  respectively. 
Then  the  %  relative  humidity  is  given  by: 

(a)  Pi  +  P  x  100  (b)  —  x  100  (c)  —  x  100  (d)  (p  +  p.)  x  100 

Ps  Ps  P 


69. 

70. 

71. 


The  vapour  pressure  of  water  at  80°C  is  355  mm  of  Hg.  1  L  vessel  contains  02  at  80°C, 
saturated  with  water  the  total  pressure  being  760  mm  of  Hg.  The  contents  of  the  vessel  were 
pumped  into  0.3  L  vessel  at  the  same  temperature.  What  is  the  partial  pressure  of  02? 

(a)  1350  Hg  (b)  2178.3  Hg  (c)  121.5  Hg  (d)  355  Hg 

Which  of  the  following  gas  mixture  is  not  applicable  for  Dalton’s  law  of  partial  pressure? 

(a)  SO  2  and  Cl2  (b)  C02  and  N2  (c)  CO  and  C02  (d)  CO  and  N2 

Equal  masses  of  methane  and  oxygen  are  mixed  in  an  empty  container  at  25°C.  The  fraction  of 
the  total  pressure  exerted  by  oxygen  is: 


-  ,  1  273 

(b)  -  x - 

3  298 


72.  A  box  of  1  L  capacity  is  divided  into  two  equal  compartments  by  a  thin  partition  which  are 
filled  with  2g  H2  and  16  gCH4  respectively.  The  pressure  in  each  compartment  is  recorded  as 
P  atm.  The  total  pressure  when  partition  is  removed  will  be: 

(a)  P  (b)  2 P  (c)  P/2  (d)  P/4 

73.  If  1(T4  dm  3  of  water  is  introduced  into  a  1 .0  dm  3  flask  at  300  K,  how  many  moles  of  water  are 


in  the  vapour  phase  when  equilibrium  is  established? 

(Given  :  Vapour  pressure  of  H20  at  300  K  is  3170  Pa;  R  =  8.314  JK"1  mol"1) 
(a)  1.27  x  10"3  mole  (b)  5.56  x  10"3  mole 

(c)  1.53 x  10“2  mole  (d)  4.46x  10~2  mole 


74.  At  room  temperature  Dalton’s  law  of  partial  pressure  is  not  applicable  to  : 

(a)  H2  and  N2  mixture  (b)  H2  and  Cl2  mixture 

(c)  H2  and  C02  mixture  (d)  none 

75.  56  g  of  nitrogen  and  96  g  of  oxygen  are  mixed  isothermaly  and  at  a  total  pressure  of  10  atm. 
The  partial  pressures  of  oxygen  and  nitrogen  (in  atm)  are  respectively  : 

(a)  4,  6  (b)  5,  5  (c)  2,  8  (d)  6,  4 


76.  The  closed  containers  of  the  same  capacity  and  at  the  same  temperature  are  filled  with  44  g  of 
H2  in  one  and  44  g  of  C02  in  the  other.  If  the  pressure  of  carbon  dioxide  in  the  second 
container  is  1  atm.  That  of  hydrogen  in  the  first  container  would  be  : 

(a)  1  atm  (b)  10  atm  (c)  22  atm  (d)  44  atm 


77.  A  jar  contains  a  gas  and  a  few  drops  of  water.  The  pressure  in  the  jar  is  830  mm  of  Hg.  The 
temperature  of  the  jar  is  reduced  by  1%.  The  vapour  pressure  of  water  at  two  temperatures  are 
30  and  25  mm  of  Hg.  Calculate  the  new  pressure  in  jar. 

(a)  792  mm  of  Hg  (b)  817  mm  of  Hg 

(c)  800  mm  of  Hg  (d)  840  mm  of  Hg 
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78.  02  and  S02  gases  are  filled  in  ratio  of  1 :  3  by  moles  in  a  closed  container  of  3  L  at  temperature 
of  27°C.  The  partial  pressure  of  02  is  0.60  atm,  the  concentration  of  S02  would  be 

(a)  0.36  (b)  0.036  (c)  3.6  (d)  36 

79.  A  gaseous  mixture  contains  three  gases  A,  B  and  C  with  a  total  number  of  moles  of  10  and  total 
pressure  of  10  atm.  The  partial  pressure  of  A  and  B  are  3  atm  and  1  atm  respectively  and  if  C 
has  molecular  weight  of  2  g/mol.  Then,  the  weight  of  C  present  in  the  mixture  will  be  : 

(a)  8  g  (b)  12  g  (c)  3  g  (d)  6  g 

80.  A  rigid  container  containing  5  mole  H2  gas  at  same  pressure  and  temperature.  The  gas  has 
been  allowed  to  escape  by  simple  process  from  the  container  due  to  which  pressure  of  the  gas 
becomes  half  of  its  initial  pressure  and  temperature  become  (2/3)  ^  of  its  initial.  The  mass  of 
gas  remaining  is : 

(a)  7.5  g  (b)  1.5  g  (c)  2.5  g  (d)  3.5  g 

81.  Pressure  of  1  g  ideal  gas  X  at  300  K  is  2  atm.  When  2  g  of  another  gas  Y  is  introduced  in  the 
same  vessel  at  same  temperature,  the  pressure  become  3  atm  then  correct  relationship 
between  molar  mass  of  X  and  Y  is  : 

(a)  My  ~2MX  \  (b)My=4Mx 

(c)Mx=4My  .  (d)  None  of  these 

82.  Dry  ice  is  solid  carbon  dioxide.  A  0.050  g  sample  of  dry  ice  is  placed  in  an  evacuated  4.6  L 
vessel  at  30°C.  Calculate  the  pressure  inside  the  vessel  after  all  the  dry  ice  has  been  converted 
to  CO 2  gas. 

(a)  6.14  atm  (b)  0.614  atm  (c)  0.0614  atm  (d)  6.14  x  10-3  atm 

.  83.  A  mixture  of  helium  and  neon  gases  is  collected  over  water  at  28.0°C  and  745  mniHg.  If  the 
partial  pressure  of  helium  is  368  mmHg,  what  is  the  partial  pressure  of  neon? 

(Vapour  pressure  of  water  at  28°C  =  28.3  mmHg) 

(a)  348.7  mmHg  (b)  377  mmHg  (c)  384.7  mmHg  (d)  none  of  these 

84.  Consider  the  following  apparatus.  Calculate  the  partial  pressure  of  helium  after  the  opening 
valve.  The  temperature  remains  constant  at  16°C. 


0.63  atm  3  4  L 

2.8  atm 

(a)  0.164  atm  (b)  1.64  atm  (c)  0.328  atm  (d)  1  atm 

85.  Oxygen  gas  generated  by  the  decomposition  of  potassium  chlorate  is  collected  over  water.  The 
volume  of  oxygen  collected  at  24°C  and  atmospheric  pressure  of  760  mmHg  is  128  mL. 
Calculate  the  mass  of  oxygen  gas  obtained.  The  pressure  of  the  water  vapour  at  24°C  is 
22.4  mm  Hg. 

(a)  1.36  g  (b)  1.52  g 


(c)  0.163  g 


(d)  1.63  g 
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86.  The  quantity - represents  the  ( kB  :  Boltzmann  constant) 

kBT 

(a)  number  of  particles  of  the  gas  (b)  mass  of  the  gas 

(c)  number  of  moles  of  the  gas  (d)  translation  energy  of  the  gas  ;  \ 

87.  Which  of  the  following  statements  about  kinetic  energy  (K.E.)  is  true? 

(a)  All  objects  moving  with  the  same  velocity  have  the  same  K.E. 

(b)  The  K.E.  of  a  body  will  quadruple  if  its  velocity  doubles  . 

(c)  As  the  velocity  of  a  body  increases,  its  K.E.  decreases 

.  (d)  The  K.E.  of  a  body  is  independent  of  its  mass 

88.  The  Ne  atom  has  10  times  the  mass  of  H2.  Which  of  the  following  statements  is  true?  ' 

I.  At  25°C  they  both  have  the  same  kinetic  energy. 

II.  Ten  moles  of  H2  would  have  the  same  volume  as  1  mole  of  Ne  at  same  temp,  and  pr. 

III.  One  mole  of  Ne  exerts  the  same  pressure  as  one  mole  of  H2  at  STP 

IV  A  H2  molecule  travels  10  times  faster  than  Ne  atom  at  same  temperature. 

V  At  STB  one  litre  of  Ne  has  10  times  the  density  of  1  litre  of  H2. 

(a)  II,  IV  V  (b)  1/  III,  V  (c)  I,  II,  III  (d)  I,  II 

89.  Which  of  the  following  is  NOT  a  postulate  of  the  kinetic  molecular  theory  of  gases? 

,  (a)  The  molecules  possess  a  volume  that  is  negligibly  small  compared  to  the  container 

(b)  The  pressure  and  vojiyne  of  a  gas  are  inversely  related 

(c)  Gases  consist  of  discrete  particles  that  are  in  constant  chaotic  motion 

(d)  The  average  kinetic  energy  of  the  molecules  is  directly  proportional  to  the  temperature 

90.  Which  one  of  the  following  relationships  when  graphed  does  not  give  a  straight  line  for  helium 
gas? 

I.  K.E.  and  T  at  constant  pressure  and  volume 

II.  P  v/s  V  at  constant  temperature  for  a  constant  mass  .  , 

III.  V  v/s  1/T  at  constant  pressure  for  a  constant  mass 

(a)  II  (b)  II  and  III  (c)  III  (d)  I 

91.  Consider  three  one-litre  flasks  labeled  A,  B  and  C  filled  with  the  gases  NO,  N02,  and  N20; 
respectively,  each  at  1  atm  and  273  K.  In  which  flask  do  the  molecules  have  the  highest 
average  kinetic  energy? 

(a)  Flask  C  (b)  All  are  the  same  (c)  Flask  A  (d)  None 

92.  Which  of  the  following  statements  is  false? 

(a)  The  product  of  pressure  and  volume  of  fixed  amount  of  a  gas  is  independent  of 
temperature. 

(b)  Molecules  of  different  gases  have  the  same  kinetic  energy  at  a  given  temperature. 

(c)  The  gas  equation  is  not  valid  at  high  pressure  and  low  temperature  constant. 

(d)  The  gas  constant  per  molecule  is  known  as  Boltzmann’s  constant. 

93.  Which  is  not  correct  in  terms  of  kinetic  theory  of  gases? 

(a)  Gaseous  particles  are.  considered  as  point  mass. 

(b)  The  molecules  are  in  random  motion. 

Cc)  When  molecules  collide,  they  lose  energy. 

(d)  When  the  gas  is  heated  ,  the  molecules  moves  faster. 


94.  Two  flasks  A  and  B  have  equal  volumes.  A  is  maintained  at  300  K  and  B  at  600  K,  while  A 
contains  H  2  gas,  B  has  an  equal  mass  of  CO  2  gas.  Find  the  ratio  of  total  K.E.  of  gases  in  flask  A 
to  that  of  B. 

(a)  1:2  (b)  11  :  1 

(c)  33  :  2  (d)  55  :  7 

95.  Kinetic  energy  and  pressure  of  a  gas  of  unit  are  related  as  : 

(a  )P=|e  (b  )P=-E  (c  )P  =  -  (d)P  =  2E 

3  2  2 

96.  Two  flask  A  and  B  of  equal  volumes  maintained  at  temperature  300  K  and  700  K  contain  equal 
mass  of  He(g)  and  N  2  Cg )  respectively.  What  is  the  ratio  of  translational  kinetic  energy  of  gas  in 
flask  A  to  that  of  flask  B ? 

(a)  1  :  3  Cb)  3:1  (c)  3  :  49  (d)  None  of  these 

97.  Which  occurs  when  a  substance  X  is  converted  from  liquid  to  vapour  phase  at  the  standard 
boiling  point? 

I.  Potential  energy  of  the  system  decreases 

II.  The  distance  between  molecules  increases 


III.  The  average  kinetic  energy  of  the  molecules  in  both  phases  are  equal 

(a)  I  only  (b)  II  only 

(c)  III  only  (d)  II  and  III  only 

98.  A  mixture  of  Ne  and  Ar  at  250  K  has  a  total  K.  E.  —  3  kJ  in  a  closed  vessel,  the  total  mass  of  Ne 
and  Ar  is  30  g.  Find  mass  %  of  Ne  in  gaseous  mixture  at  250  K. 

(a)  61.63  (b)  38.37  (c)  50%  (d)  28.3 

99.  In  two  vessels  of  1  litre  each  at  the  same  temperature  lg  of  H2  and  lg  of  CH4  are  taken,  for 
these: 


(a)  Vjms  values  will  be  same  .  (b)  Kinetic  energy  per  mol  will  be  same 

(c)  Total  kinetic  energy  will  same  (d)  Pressure  will  be  same 

100.  Four  particles  have  speed  2,3,4  and  5  cm/s  respectively.  Their  rms  speed  is: 

(a)  3.5  cm/s  (b)  (27/2)  cm/s  (c)  V54  cm/s  (d)  (V54/2)  cm/s 

101.  A  gaseous  mixture  contains  4  molecules  with  a  velocity  of  6  cm  sec-1,  5  molecules  with  a 
velocity  of  2  cm  sec'1  and  10  molecules  with  a  velocity  of  3  cm  sec-1 .  What  is  the  RMS  velocity 
of  the  gas: 

(a)  2.5  cm  sec-1  (b)  1.9  cm  sec-1  (c)  3.6  cm  sec-1  (d)  4.6  cm  sec-1 

102.  The  ratio  between  the  root  mean  square  velocity  of  H2  at  50  K  and  that  of  02  at  800  K  is: 


(a)  4  (b)  2  (c)  1  (d)  1/4 

103.  IfCj,  C2,  C3... represent  the  speeds  of  n^  n2,  n3.  ..molecules  respectively,  then  the  root  mean 
square  speed  will  be: 


(a) 


InjCj2  +  n2C|  +  n3Cf  +  ... 
'  n,  +  n,  +  n3  +  ... 


(c)  l(niCi)  +  (n2^2 )  +  C n3C3) 


(b) 


(n1  +  n2  +  n3  +  ...y 


(d) 


y  rijCj2  +  n2C2  +  n3C|  +  ... 

/(HjC;  +  n2C2  +  n2C3  +  ...)'* 
n,  +  n,  +  n,  +  ... 


104.  The  root  mean  square  velocity  of  hydrogen  is  Vs  times  than  that  of  mtrogen.  If  T  is  the 

temperature  of  the  gas,  then  :  • 

(a)  tH2  =  rNz  (b)  rHz  >T^ 

(c)  T„2  <  rNz  (d)  Th2  =  Vf  tNz 

105.  At  a  definite  temperature  (T),  the  distribution  of  velocities  is  given  by  the  curve.  The  curve  that 
indicates  that  the  velocities  corresponding  to  points  A,  B  and  C  are  : 

rv — ■ — - — — 


Velocity 

(a)  most  probable,  average  and  root  mean  square 

(b)  average,  root  mean  square  and  most  probable 

(c)  root  mean  square,  average  and  most  probable 

(d)  most  probable,  root  mean  square  and  average  .• 

106.  The  most  probable  speed  of  8  g  of  H2  200  ms-1  average  kinetic  energy  (neglect  rotational  and 

vibrational  energy)  of  H2  gas  is  :  , 

(a)  480  J  (b)  240  J  (c)  120  J  (d)  none  of  these 

107.  At  what  temperature  will  average  speed  of  the  molecules  of  the  second  member  of  the  series 
CnH2„  be  the  same  of  Cl2  at  627°C? 

(a)  259-4  K  (b)  400  K 

(c)  532.4  K  (d)  None  of  these 

108.  If  URMS  of  a  gas  is  30  R 1/2  ms-1  at  27°C  then  the  molar  mass  of  gas  is  : 

(a)  0.02  kg/mol  (b)  0.001  kg/mol 

(c)  0.003  kg/mol  (d)  1  kg/mol 

109.  6  x  1022  gas  molecules  each  of  mass  10“24  kg  are  taken  in  a  vessel  of  10  litre.  What  is  the 

pressure  exerted  by  gas  molecules?  The  root  mean  square  speed  of  gas  molecules  is  100  m/s. 
(a)  20  Pa  (b)  2 x  104Pa  (c)  2  x  105  Pa  (d)  2 x  107  Pa 

110.  At  what  temperature  will  most  probable  speed  of  the  molecules  of  the  second  member  of 
homologous  series  C^H^.  2  be  the  same  as  that  of  S02  at  527°C. 

(a)  500°C  (b)  727°C  (c)  227°C  (d)  None  of  these 

111.  The  root  mean  square  speed  of  8  g  of  He  is  300  ms“l.  Total  kinetic  energy  of  He  gas  is  : 

(a)  120  J  (b)  240  J  (c)  360  J  (d)  None  of  these 

112.  If  Tx  T2  and  T3  are  the  temperature  at  which  the  u avenge,  ump  of  oxygen  gas  are  all 

equal  to  1500  m/s  then  the  correct  statement  is  : 

(a)  Tj  >T2>  T3  (b)  T,  <T2  <  T3 

(c)  Tj  =T2  -T3  (d)  None  of  these 

113.  The  density  of  a  gas  filled  electric  lamp  is  0.75  kg/m3.  After  the  lamp  has  been  switched  on, 
the  pressure  in  it  increases  from  4  x  104  Pa  to  9  x  104  Pa.  What  is  increases  in  I/rms  ? 

(a)  100  (b)  200  (c)  300  (d)  None  of  these 


.  The  root  mean  sqaure  velocity  of  an  ideal  gas  at  constant  pressure  varies  with  density  (cf)  as  : 
(a)  d2  (b)d  (c)  4d  (d)  1/Vd 

,  The  ratio  among  most  probable  velocity,  mean  velocity  and  root  mean  square  velocity  is  given 
by 

(a)  1  :  2  :  3  (b)  1  :  V2  :  V3 

(c)  42  :  V3  :  VaTn  (d)  V2  :  :  73 

1 2g 

,  The  average  speed  at  temperature  T°C  of  CH4  (g)  is  .1 —  x  103  ms-1 .  What  is  the  value  of  T  ? 

V  88 

(a)  240.55°C  (b)  -  32.45°C 

'  (c)  3000°C  (d)  -  24.055°C 

.  At  what  temperature  most  probable  speed  of  02  molecules  have  the  same  value  of  root  mean 
square  speed  of  02  molecules  at  300  K? 

(a)  150  K  (b)  600  K 

(c)  750  K  (d)  900  K 

,  The  rms  speed  of  N2  molecules  in  a  gas  is  u.  If  the  temperature  is  doubled  and  the  nitrogen 
molecules  dissociate  into  nitrogen  atoms,  the  rms  speed  becomes: 

(a)  u/2  (b)  2u  (C)  4u  (D)  14u 

,  The  rate  of  diffusion  of  a  gas  is  proportional  to: 

(3)  ~  (b)  £  (c)  I?  (d)  ~ 

4d  d  \d  d 

>  At  constant  volume  and  temperature  conditions,  the  rates  of  diffusion  rA  and  rB  of  gases  A  and 
B  having  densities  pA  and  pB  are  related  by  the  expression  : 

(a)  rA  =rB.(pA/pB)2  (b)  rA  =rB( pB/pA)1/2 

(c)  rA  =(rB.pB/pA)1/2  .  (d)  rA  =  rg(pA/pB)1/2 

t  What  is  the  ratio  of  diffusion  rate  of  oxygen  to  hydrogen? 

(a)  1  :  4  (b)  4  :  1  (c)  1  :  8  (d)  8  :  1 

,  The  molecular  weight  of  a  gas  which  diffuses  through  a  porous  plug  at  176  th  of  the  speed  of 
hydrogen  under  identical  conditions  is: 

(a)  27  (b)  72 

(c)  36  *  (d)  48 

►  X  mL  of  H2  gas  effuses  through  a  hole  in  a  container  in  5  seconds.  The  time  taken  for  the 
effusion  of  the  same  volume  of  the  gas  specified  below  under  identical  condition  is: 

(a)  10  sec  :  He  (b)  20  sec  :  02 

(c)  25  sec  :  CO  (d)  55  sec  :  CO 7 

.  At  identical  temperature  and  pressure,  the  rate  of  diffusion  of  hydrogen. gas  is  3a/3  times  that 
of  a  hydrocarbon  having  molecular  formula  Cr,H2rt_2«  What  is  the  value  of  n? 

(a)  1  (b)  4  (c)  3  (d)  8 

,  Calculate  relative  rate  of  effusion  of02  to  CH4  through  a  container  containing  02  and  CH4  in 
3  :  2  mass  ratio. 

3V2  n  ^  3  3 


(d)  none  of  these 


GASEOUS  STATE 


126.  Calculate  relative  rate  of  effusion  of  S02  to  CH4,  if  the  mixture  obtained  by  effusing  out  a  ; 

mixture  with  molar  ratio  S—  =  -  for  three  effusing  steps. 

°ch4  1  ‘ 

(a)  2:1  (b)  1  :  4 

(c)  1  :  2  (d)  none  of  these 

127.  A  gaseous  mixture  containing  He,  CH4  and  SO  2  was  allowed  to  effuse  through  a  fine  hole  then 

find  what  molar  ratio  of  gases  coming  out  initially?  If  mixture  contain  He,  CH4  and  S02  in 
1:2:3  mole  ratio.  •  *  * 

(a)  2  :  2  :  3  (b)  6  :  6  :  1  /  (c)  42  :  42 :  3  (d)  4  :  4  :  3 

128.  80  mL  of  02  takes  2  minute  to  pass  through  the  hole.  What  volume  of  S02  will  pass  through 
the  hole  in  3  minute? 


(b)  120  x  42 


(d)  None  of  these 


42  42 

129.  When  two  cotton  plugs,  one  moistened  with  ammonia  and  the  other  with  hydrochloric  acid, 
are  simultaneously  inserted  into  opposite  ends  of  a  glass  tube  87.0  cm  long,  a  white  ring  of 
NH4C1  forms  where  gaseous  NH3  and  gaseous  HC1  first  come  into  contact. 

NH3(g)  +  HCl(g)  - ¥  ,NH4Cl(s) 

At  what  distance  from  the  ammonia-moistened  plug  does  this  occur? 

(a)  51.7  cm  from  NH3  end  (b)  51.7  cm  from  HC1  end 

(c)  43.5  at  mid  point  (d)  None  of  these 

130.  Dimethyl  ether  decomposes  as 

CH3OCH3(g)  — >  CH4(g)  +  CO(g)  +  H2(g) 

When  CH3OCH3  decomposes  to  20%  extent  at  certain  fixed  conditions,  what  is  the  ratio  of 
diffusion  of  pure  CH3OCH3  with  methane? 

(a)  0.59  :  1  (b)  1.18  :  1  (c)  2.36  :  1  (d)  1.77  :  1 

131.  4  gm  of  sulphur  dioxide  gas  diffuses  from  a  container  in  8  min.  Mass  of  helium  gas  diffusing4 
from  the  same  container  over  the  same  time  interval  is  : 

(a)  0.5  gm  (b)  1  gm  (c)  2  gm  (d)  None  of  these 

132.  Under  identical  conditions  of  pressure  and  temperature,  4  L  of  gaseous  mixture  (H2  and  CH4 ) 
effuses  through  a  hole  in  5  min  whereas  4  L  of  a  gas  X  of  molecular  mass  36  takes  to  10  min  to 
effuse  through  the  same  hole.  The  mole  ratio  of  H2  :  CH4  in  the  mixture  is  : 

(a)  1  :  2  (b)  2  :  1  (c)  2  :  3  (d)  1  :  1  :  -? 

133.  A  balloon  weighing  50  kg  is  filled  with  685  kg  of  helium  at  1  atm  pressure  and  25°C.  What  will 
be  its  pay  load  if  it  displaced  5108  kg  of  air? 

(a)  4373  kg  (b)  4423  kg 

(c)  5793  kg  (d)  none  of  these  T 

134.  According  to  the  law  of  equipartition  of  energy,  the  energy  associated  with  each  degree  of 
freedom  is  : 

r  1  wr  rr.  .  1  1  ,,  m 


(a) 


(b)  ~KbT 


(d)  ~KbT 


(c)  KBT 


135*  Calculate  y  (ratio  of  Cp  and  Cv)  for  triatomic  linear  gas  at  high  temperature.  Assume  that  the 
contribution  of  vibrational  degree  of  freedom  is  75%  : 

(a)  1.222  (b)  1.121 

(c)  1.18  (d)  1.33 

136.  If  one  mole  each  of  a  monoatomic  and  diatomic  gases  are  mixed  at  low  temperature  then 
Cp/Cv  ratio  for  the  mixture  is  : 

(a)  1.40  (b)  1.428 

(c)  1.5  (d)  1.33 

137.  If  one  mole  of  a  mono-atomic  gas  (y  =  5/3)  is  mixed  with  one  mole  of  a  diatomic  gas  (y  =  7/5), 
the  value  of  y  for  the  mixture  is  : 

(a)  1.4  (b)  1.5 

t  (c)  1.53  (d)  3.07 

138.  Select  the  correct  statement : 

(a)  internal  energy  of  a  real  gas  at  a  given  temperature  increases  as  the  volume  increases 

(b)  internal  energy  of  an  ideal  gas  at  given  temperature  increase  as  the  volume  increases 

(c)  internal  energy  of  an  ideal  gas  molecules  is  not  a  function  of  temperature 

(d)  the  internal  energy  of  a  real  gas  at  a  constant  temperature  is  independent  of  change  in 
volume 

139.  Which  gas  shows  real  behaviour? 

(a)  16  g  02  at  STP  occupies  11.2  L 

(b)  1  g  H2  in  0.5  L  flask  exerts  pressure  of  24.63  atm  at  300  K 

(c)  1  mole  NH3  at  300  K  and  1  atm  occupies  volume  22.4  L 

(d)  5.6  L  of  C02  at  STP  is  equal  to  11  g 

140.  Consider  a  real  gas  placed  in  a  container.  If  the  intermolecular  attractions  are  supposed  to 
disappear  suddenly  which  of  the  following  would  happen? 

(a)  The  pressure  decreases  (b)  The  pressure  increases 

(c)  The  pressure  remains  unchanged  (d)  The  gas  collapses 

141.  The  pressure  of  real  gases  is  less  than  the  pressure  of  an  ideal  gas  because  of  : 

(a)  Increase  in  number  of  collisions  (b)  Finite  size  of  molecule 

(c)  Increase  in  KE  of  molecules  (d)  Intermolecular  forces  of  attraction 

142.  A  gas  behaves  like  an  ideal  gas  at : 

(a)  high  pressure  and  low  temperature  (b)  low  pressure  and  high  temperature 

(c)  high  pressure  and  high  temperature  (d)  low  pressure  and  low  temperature 

143.  If  temperature  and  volume  are  same,  the  pressure  of  a  gas  obeying  Vander  Waals  equation  is  : 

(a)  Smaller  than  that  of  an  ideal  gas  (b)  Larger  than  that  of  an  ideal  gas 

(c)  Same  as  that  of  an  ideal  gas  (d)  None  of  these 

144.  1  mole  of  each  of  X2>  X3  with  vander  Waals  constants  a  (in  atm  L3  mol-2)  1.0,  3.8,  2.1 

respectively  is  kept  separately  in  three  different  vessels  of  equal  volume  at  identical 
temperature.  Their  pressures  are  observed  to  Plf  P2,  and  P3  respectively.  On  the  basis  of  this 
data  alone,  select  the  correct  option  (neglect  the  effect  of  V): 

(a)  Pi  <P2  < P3  (b)P2<P1<P3 

(c)P2<P3<P1  (d)P1=P2=P3 


145.  A  gas  obeys  the  equation  of  state  P(V  -  b)  =  RT  (The  parameter  bis  a  constant).  The  slope  for 
an  isochore  will  be  : 

(a)  Negative  (b)  Zero 

(c)  R/(V  -  b)  (d)  R/P 

146.  van  der  Waals  constant  b  of  helium  is  24  mL  mol-1.  Find  molecular  diameter  of  helium. 

(a)  1.335  x  lO-10  cm  (b)  1.335  x  1CT8  cm 

(c)  2.67  x  10"8  cm  (d)  4.34  x  NT8  cm 

147.  Which  of  the  following  can  be  most  readily  liquefied? 

(Given:  value  of  ‘a’  for  NH3  =  4.17,  C02  =  3.59,  S02  =  6.71,  Cl2  =  649) 

(a)  NH3  (b)  Cl  2 

(c)  SO  2  (d)  CO  2 

148.  For  which  of  the  following  gases  should  the  correction  for  the  molecular  volume  be  largest : 
CO,  C02,  NH3  or  SF6? 

(a)  CO  (b)  CO  2 

(c)  NH3  (d)  SF6 

149.  Under  which  of  the  following  sets  of  conditions  is  a  real  gas  expected  to  deviate  from  ideal 
behaviour? 

(I)  High  pressure,  small  volume 

(II)  High  temperature,  low  pressure 

(III)  Low  temperature,  high  pressure 

(a)  only  I  (b)  only  II  (c)  only  III  (d)  I  and  III  both 

150.  For  a  certain  gas  which  deviates  a  little  from  ideal  behaviour.  A  plot  between  P/p  vs  P  was 
found  to  be  non-linear,  the  intercept  on  y-axis  will  be  : 


,  .  RT 

(a)  T7 
M 


r  %  MZ 

(c)  — 
RT 


151.  At  low  pressure,  the  van  der  Waals  equation  become  : 

(a)  PVm  =  RT  (b)  P(Vm  -b)  =  RT 


(c)  1  P  +  — V  \Vm  =RT 


(d)  P  =  +  —r 


{  v'J  vm  V i 

152.  At  low  pressure,  if  RT  =  2 -Ja^P,  then  the  volume  occupied  by  a  real  gas  is  : 

.  .  2 RT  .  2P  M  RT  r>,  2 RT 

(a) -  (b)  —  (c)  —  (d)  — — 

P  RT  2 P  P 


(a)  (b)  —  (O^i-  (d) 

P  RT  2 P 

153.  For  a  gas  deviation  from  ideal  behaviour  is  maximum  at : 

(a)  0°C  and  1.0  atm  (b)  100°C  and  2.0  atm 

(c)  -  13°C  and  1.0  atm  (d)  -  13°C  and  2.0  atm 

_ _  .  ......  .  L.  al, 


154.  At  low  pressures,  van  der  Waals’  equation  is  written  as  |^P  +  — 
factor  is  then  equal  to: 


V  =  RT.  The  compressibility 


(l-  “  1 

(b)  ( 

t  RTV) 

l 

fi+  °  ] 

(d)  ( 

l.  RTV ) 

1  .  \ 

a 


155.  The  compressibility  factor  for  a  real  gas  at  high  pressure  is  : 

(a)  1  (b)  1  +  — 

RT 


Pb 

(c)  1  -  — 
RT 


(d)  1  + 


156.  The  compressibility  of  a  gas  is  greater  than  unity  at  1  atm  and  273  K.  Therefore  : 
(a)  Vm  >  22.4  L  (b)  Vm  <  22.4  L 


(c)  Vm  =  22.4  L 


44.8  L 


157.  At  273  K  temp,  and  9  atm  pressure,  the  compressibility  for  a  gas  is  0.9.  The  volume  of  1 
milli-moles  of  gas  at  this  temperature  and  pressure  is  : 

(a)  2.24  litre  (b)  0.020  mL 

(c)  2.24  mL  ’  (d)  22.4  mL 

158.  The  compressibility  factor  for  nitrogen  at  330  K  and  800  atm  is  1 .90  and  at  570  K  and  200  atm 
is  1.10.  A  certain  mass  of  N2  occupies  a  volume  of  1  dm3  at  330  K  and  800  atm.  Calculate 
volume  occupied  by  same  quantity  of  N2  gas  at  570  K  and  200  atm  : 

(a)  1  L  (b)  2  L 

(c)  3  L  (d)  4  L 

PV 

159.  Consider  the  equation  Z  =  — — .  Which  of  the  following  statements  is  correct? 

(a)  When  Z  >  1,  real  gases  are  easier  to  compress  than  the  ideal  gas 

(b)  When  Z  - 1,  real  gases  get  compressed  easily 

(c)  When  Z  >  1,  real  gases  are  difficult  to  compress 

(d)  When  Z  =  1,  real  gases  are  difficult  to  compress 

160.  What  is  the  compressibility  factor  (Z)  for  0.02  mole  of  a  van  der  Waals’  gas  at  pressure  of  0.1 
atm.  Assume  the  size  of  gas  molecules  is  negligible. 

Given  :  RT  =  20  L  atm  mol-1  and  a  =  1000  atm  L2  mor2 
(a)  2  (b)  1 

(c)  0.02  (d)  0.5 

161.  Consider  the  following  statements.  If  the  van  der  Walls’  parameters  of  two  gases  are  given  as 


a/dm6  bar  mol  2  b/ dm3  mol" 


Gas  A 
Gas  B 


0.055 


then  : 

1.  Critical  volume  of  A  <  Critical  volume  of  B 

2.  Critical  pressure  A  >  Critical  pressure  of  B 

3.  Critical  temperature  of  A  >  Critical  temperature  of  B 
Which  of  the  above  statements  is  incorrect? 

(a)  1  alone 
(c)  1,  2  and  3 


(b)  1  and  2 
(d)  2  and  3 


162.  The  van  der  Waals  parameters  for  gases  W,  X,  Y  and  Z  are 


Gas 

a(atmL2  mol  2) 

ft  (L  mol-1) 

W 

4.0 

0.027 

X 

o 

GO 

0.030 

Y 

6.0 

0.032 

Z 

12.0 

0.027 

Which  one  of  these  gases  has  the  highest  critical  temperature? 

(a)  W  (b)  X  (c)  Y  (d)  Z 

163.  Pressure  remaining  the  same,  the  volume  of  a  given  mass  of  an  ideal  gas  increases  for  every 
degree  centigrade  rise  in  temperature  by  definite  fraction  of  its  volume  at: 

(a)  0°C  (b)  Its  critical  temperature 

(c)  Absolute  zero  (d)  Its  Boyle  temperature 

164.  The  critical  temperature  of  a  substance  is: 

(a)  The  temperature  above  which  the  substance  undergoes  decomposition 

(b)  The  temperature  above  which  a  substance  can  exist  only  in  gaseous  state 

(c)  Boiling  point  of  the  substance  ' 

(d)  All  are  wrong 

T 

165.  The  excluded  volume  of  a  gas  will  be  larger,  if  —  is  : 

pc 

(a)  small  (b)  large 

(c)  equal  to  1  (d)  less  than  unity 

166.  Select  incorrect  statement  : 

(a)  we  can  condense  vapour  simply  by  applying  pressure 

(b)  to  liquefy  a  gas  one  must  lower  the  temperature  below  Tc  and  also  apply  pressure 

(c)  at  Tc,  there  is  no  distinction  between  liquid  and  vapour  state  hence  density  of  the 
liquid  is  nearly  equal  to  density  of  the  vapour 

(d)  However  great  the  pressure  applied,  a  gas  cannot  be  liquified  below  it’s  critical  temp. 

167.  The  correct  order  of  temperature  of  a  real  gas  is  : 

(I)  Boyle’s  temperature 

(II)  Critical  temperature 

(III)  Inversion  temperature 


(a)  III  >  I  >  II  (b)  I  >  II  >  III 

(c)  II  >  I  >  III  (d)  I  >  III  >  II 

168.  The  temperature  at  which  the  second  virial  coefficient  of  real  gas  is  zero  is  called  : 

(a)  Critical  temperature  (b)  Triple  point 

(c)  Boiling  point  (d)  Boyle’s  temperature 

169.  The  van  der  Waals’  equation  for  one  mole  may  be  expressed  as 


RT 


o  o.Vm 


ab 


=  0 


where  Vm  is  the  molar  volume  of  the  gas.  Which  of  the  following  is  incorrect? 

(a)  For  a  temperature  less  than  Tc,  V  has  three  real  roots 

(b)  For  a  temperature  less  than  Tc>  V  has  three  imaginary  roots 

(c)  For  a  temperature  equal  to  Tc  all  three  roots  of  V  are  real  and  identical 

(d)  On  increasing  the  temp.  ( T  <TC),  the  .three  roots  become  closer  to  one  another 

170.  For  a  gas  obeying  the  van  der  Waals’  equation,  at  the  critical  temperature 


(a)  both  f— 1  and 


(b)  both  —  and 

UvJr 


are  not  zero 


is  zero  but 


is  non-zero 


is  non-zero  but 


171.  However  great  the  pressure,  a  gas  cannot  be  liquified  above  its  : 

(a)  Boyle  temperature  (b)  Inversion  temperature 

(c)  Critical  temperature  (d)  Room  temperature 

172.  The  temperature  at  which  real  gases  obey  the  ideal  gas  laws  over  a  wide  range  of  low  pressure 
is  called: 

(a)  Critical  temperature  (b)  Inversion  temperature 

(c)  Boyle  temperature  (d)  Reduced  temperature 


173.  Inversion  temperature  =  —  j  is  defined  as  the  temperature  above  which  if  gas  is  expanded 

adiabatically  it  gets  warm  up  but  if  temperature  of  gas  is  lower  than  Tt  then  it  will  cool  down. 
What  will  happen  to  a  gas  if  it  is  adiabatically  expanded  at  600  K  if  its  Boyle’s  temperature 
is  290  K? 

(a)  Heating  ,  <  ,  (b)  Cooling 

(c)  Constant  (d)  None 

174.  The  van  der  Waals’  equation  of  law  of  corresponding  states  for  1  mole  of  gas  is  : 


(a)  Pr  +  —  (3Vr  - 1)  =  8  Tr 


(b)  Pr-^~  (3Vr  - 1)  =  8 Tr 


(c)  Pr+A:  (3Vr +l)  =  8nTr 


(d)  Pr  +  —  (3Vr  +  1)  =  8 


175.  Calculate  the  volume  occupied  by  16  gram  02  at  300  K  and  8.31  MPa  if 
PV  PV 

'  =  3/8  and  =  2.21  (Given  :  R  =  8.314  MPa/K-  mol) 


(a)  125.31  mL 
(c)  248.62  mL 


(b)  124.31  mL 

(d)  none  of  these 


1.  Consider  the  composite  system,  which  is  held  at  300  K,  shown  in  the  following  figure. 
Assuming  ideal  gas  behavior,  calculate  the  total  pressure  if  the  barriers  separating  the 
compartments  are  removed.  Assume  that  the  volume  of  the  barriers  is  negligible.  (Given  : 
R  -  0.082  atm  L/mol.K) 


(a)  1  atm  (b)  2  atm  (c)  2.3  atm  (d)  3.2  atm 

2.  11  moles  N2  and  12  moles  of  H2  mixture  reacted  in  20  litre  vessel  at  800  K.  After  equilibrium 
was  reached,  6  mole  of  H2  was  present.  3.58  litre  of  liquid  water  is  injected  in  equilibrium 
mixture  and  resultant  gaseous  mixture  suddenly  cooled  to  300K.  What  is  the  final  pressure  of 
gaseous  mixture?  Neglect  vapour  pressure  of  liquid  solution.  Assume  (i)  all  NH3  dissolved  in 
water  (ii)  no  change  in  volume  of  liquid  (iii)  no  reaction  of  N2  and  H2  at  300  K 


Initial  condition 


(a)  18.47  atm  (b)  60  atm  (c)  22.5  atm  (d)  45  atm 

3.  Two  vessels  connected  by  a  valve  of  negligible  volume.  One  container  (I)  has  2.8  g  of  N2  at 
temperature  Tj(K).  The  other  container  (II)  is  completely  evacuated.  The  container  (I)  is 
heated  to  T2  (K)  while  container  (II)  is  maintained  at  T2/3  (K).  volume  of  vessel  (I)  is  half  that 
of  vessel  (II).  If  the  valve  is  opened  then  what  is  the  weight  ratio  of  N2  in  both  vessel 

(W,  /Wn )? 

(a)  1  :  2  (b)  1  :  3  (c)  1  :  6  (d)  3  :  1 

4.  A  mixture  of  NH3(g)  and  N 2H4  (g)  is  placed  in  a  sealed  container  at  300  K.  The  total  pressure 
is  0.5  atm.  The  container  is  heated  to  1200  K  at  which  time  both  substances  decompose 
completely  according  to  the  equations 

2NH3(g)  - >■  N2(g)  +  3H2(g)  and  N2H4(g)  - »  N2(g)  +  2H2(g) 

After  decomposition  is  complete,  the  total  pressure  at  1200  K  is  found  to  be  4.5  atm.  Find  the 
mole%  of  N2H4  in  the  original  mixture  : 

(a)  20%  (b)  25% 


(c)  50% 


(d)  75% 


PROBLEMS  IN  CHEMISTRY 


5*  Correct  expression  for  density  of  an  ideal  gas  mixture  of  two  gases  1  and  2,  where  and  m2 
are  masses  and  na  and  n2  are  moles  and  and  M2  are  molar  masses, 

(1)<A 

(Mx+M2)  (nj+n2)RT 

(c)  «J  =  +  n2^  x  JL  (d)  jvjone  0f  these 

(mx  +  m2)  RT 

6.  Two  dosed  vessel  A  and  B  of  equal  volume  containing  air  at  pressure  Px  and  temperature  Tx  are 
connected  to  each  other  through  a  narrow  open  tube.  If  the  temperature  of  one  is  how 
maintained  at  Tx  and  other  at  T2  (where  Tj  >T2)  then  that  what  will  be  the  final  pressure? 

(a)  ®  f^T  «>  tvF 

ZMi2  ‘1  +  ‘2  M  -  J2  7\  +  i2 

7.  A  balloon  containing  1  mole  air  at  1  atm  initially  is  filled  further  with  air  till  pressure  increases 
to  4  atm.  The  initial  diameter  of  the  balloon  is  1  m  and  the  pressure  at  each  stage  is  proportion 
to  diameter  of  the  balloon.  How  many  no.  of  moles  of  air  added  to  change  the  pressure  from  1 
atm  to  4  atm. 

(a)  80  (b)  257  (c)  255  (d)  256 

8.  If  Pd  v/s.  P(where  P  denotes  pressure  in  atm  and  d  denotes  density  in  gm/L)  is  plotted  for  He 

gas  (assume  ideal)  at  a  particular  temperature.  If  —  (Pd)  =  5,  then  the  temperature 

LdP  -Ip  =  8.21  atm 

will  be 

(a)  160  K  (b)  320  K  (c)  80  K  (d)  none  of  these 

9.  What  is  the  density  of  wet  air  with  75%  relative  humidity  at  1  atm  and  300  K?  Given  :  vapour 

pressure  of  H20  is  30  torr  and  average  molar  mass  of  air  is  29  g  mol-1. 

(a)  1.614  g/L  (b)  0.96  g/L  (c)  1.06  g/L  (d)  1.164  g/L 

LO.  7  moles  of  a  tetra-atomic  non-linear  gas  'A’  at  10  atm  and  T  K  are  mixed  with  6  moles  of 
T 

another  gas  B  at  —  K  and  5  atm  in  a  closed,  rigid  vessel  without  energy  transfer  with 

O 

5T 

surroundings.  If  final  temperature  of  mixture  was  —  K,  then  gas  B  is?  (Assuming  all  modes  of 

6 

energy  are  active) 

(a)  monoatomic  (b)  diatomic  (c)  triatomic  (d)  tetra  atomic 

LI.  Three  closed  rigid  vessels,  A,  B  and  C  without  energy  transfer  with  surroundings,  which 
initially  contain  three  different  gases  at  different  temperatures  are  connected  by  tube  of 
negligible  volume.  The  vessel  A  contain  2  mole  Ne  gas,  at  300  K,  vessel  'B'  contain  2  mole  S02 
gas  at  400  K  and  vessel  ‘C’  contain  3  mole  C02  gas  at  temperature  500  K.  What  is  the  final 
pressure  (in  atm)  attained  by  gases  when  all  valves  of  connecting  three  vessels  are  opened  and 
additional  15.6  kcal  heat  supplied  to  vessel  through  valve.  The  volume  of  A,  B  and  C  vessel  is 
2,  2  and  3  litre  respectively 


RimMI 


Given  :  R  =  2 calorie/mol-K;  Cv  (Ne)  =  3/2R, Cv  (CO)  =  5/2  i?  and  Cv  (S02)  =  3/? 

(a)  73.89  atm  (b)  67.31  atm  (c)  80  atm  (d)  none  of  these 

12.  Gas  molecules  each  of  mass  10-26  kg  are  taken  in  a  container  of  volume  1  dm3.  The  root  mean 
square  speed  of  gas  molecules  is  1  km  sec-1 .  What  is  the  temperature  of  gas  molecules. 
(Given  :  NA  =  6  x  1023;  R  =  8  J/mol.  K) 

(a)  298  K  (b)  25  K  (c)  250  K  (d)  2500  K 

13.  A  balloon  of  diameter  21  meter  weight  100  kg.  Calculate  its  pay-load,  if  it  is  filled  with  He  at 
1.0  atm  and  27°C.  Density  of  air  is  1.2  kg  m-3.  (Given  :  R  -  0.082  L  atm  K^mol"1) 

(a)  4952.42  kg  (b)  4932.42  kg  (c)  493.242  kg  (d)  none  of  these 

14.  A  given  volume  of  ozonised  oxygen  (containing  60%  oxygen  by  volume)  required  220  sec  to 
effuse  which  an  equal  volume  of  oxygen  took  200  sec  only  under  the  conditions.  If  density  of 
02  is  1.6  g/L  then  find  density  of  03. 

(a)  1.936  g/L  (b)  2.16  g/L  (c)  3.28  g/L  .  (d)  2.24  g/L 

15.  If  250  mLofN2  over  water  at  30°C  and  a  total  pressure  of  740  torr  is  mixed  with  300  mLofNe 
over  water  at  25°C  and  a  total  pressure  of  780  torr,  what  will  be  the  total  pressure  if  the 
mixture  is  in  a  500  mL  vessel  over  water  at  35°C. 

(Given  :  Vapour  pressure  (Aqueous  tension)  of  H20  at  25°C,  30°C  and  35°C  are  23.8, 31.8  and 
42.2  torr  respectively.  Assume  volume  of  H2O(0  is  negligible  in  final  vessel) 

(a)  760  torr  (b)  828.4  torr  (c)  807.6  torr  (d)  870.6  ton- 

16.  A  bulb  of  constant  volume  is  attached  to  a  .  manometer  tube  open  at  other  end  as  shown  in 
figure.  The  manometer  is  filled  with  a  liquid  of  density  (1/3) rd  that  of  mercury.  Initially  h  was 
228  cm. 


Through  a  small  hole  in  the  bulb  gas  leaked  assuming  pressure  decreases  as  —  =  -  kP. 

dt 

If  value  of  ft  is  114  cm  after  14  minutes.  What  is  the  value  of  k  ( in  hour-1 )? 

[Use  :  ln(4/3)  =  0.28  and  density  of  Hg  =  13.6 g/mL.]. 

(a)  0.6  (b)  1.2  (c)  2.4  (d)  none  of  these 

17.  A  mixture  of  nitrogen  and  water  vapours  is  admitted  to  a  flask  at  760  torr  which  contains  a 
sufficient  solid  drying  agent  after  long  time  the  pressure  reached  a  steady  value  of  722  torr. 

If  the  experiment  is  done  at  27°C  and  drying  agent  increases  in  weight  by  0.9  gm,  what  is  the 
volume  of  the  flask?  Neglect  any  possible  vapour  pressure  of  drying  agent  and  volume 
occupied  by  drying  agent. 

(a)  443.34  L  (b)  246.3  L 


(c)  12.315  L 


(d)  24.63  L 


18.  At  room  temperature  following  reaction  goes  to  completion 

2 AB(g)  +  B2(g)  - >  2AB2(g) 

AB2  is  solid  with  negligible  vapour  pressure  below  0°C.  At  300  K,  the  AJ3  in  the  smaller  flask 
exerts  a  pressure  of  3  atm  and  the  larger  flask  exerts  a  pressure  of,  1  atm  at  400  K  when  they 
are  separated  out  by  a  close  valve.  The  gases  are  mixed  by  opening  the  stop  cock  and  after  the 
end  of  the  reaction  the  flask  are  cooled  to  250  K 


(a)  0.156  atm  (b)  0.3125  atm 

(c)  0.625  atm  (d)  3.2  atm 

19.  A  vessel  of  uniform  cross-section  of  length  500  cm  as  shown  in  figure  is  divided  in  two  parts  by 
a  weightless  and  frictionless  piston  one  part  contains  5  moles  of  He(g)  and  other  part  2  moles 
of  H2(g)  and  4  mole  of  02(g)  added  at  the  same  temperature  and  pressure,  in  which  reaction 
takes  place  finally  vessel  cooled  to  300  K  and  1  atm.  What  is  the  length  of  He  compartment? 
(Assume  volume  of  piston  and  vol.  of  HzO(l)  formed  are  negligible) 


At  initial  stage 


(a)  187.5  (b)  300  atm  (c)  312.5  cm  (d)  none  of  these 

20.  For  a  real  gas  (mol.  mass  =  60)  if  density  at  critical  point  is  0.80  g/cm  3  and  its  Tc  =  —  1(?-  K, 

821 

then  van  der  Waals’  constant  a  (in  atm  L2  mol-2)  is 

(a)  0.3375  (b)  3.375  (c)  1.68  (d)  0.025 

21.  The  van  der  Waals’  constant  ‘  b’  of  a  gas  is  4k  x  10-4  L/  mol.  How  near  can  the  centres  of  the 
two  molecules  approach  each  other?  [Use  :  NA  =  6  x  1023] 

(a)  10"7  m  (b)  10-10  m  (c)  5  x  10"11  m  (d)  5  x  10"9  m 

22.  The  density  of  vapour  of  a  substance  (X)  at  1  atm  pressure  and  500  K  is  0.8  kg/m3.  The 
vapour  effuses  through  a  small  hole  at  a  rate  of  4/5  times  slover  than  oxygen  under  the  same 
condition.  What  is  the  compressibility  factor  (Z)  of  the  vapour? 

(a)  0.974  (b)  1.35  (c)  1.52 


(d)  1.22 


i  GA  SEofej  t  AT^8 
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23.  Vander  Waal’s  gas  equation  can  be  reduced  to  virial  equation  and  virial  equation  (in  terms  of 

B  C 

volume)  is  2  =  A  +  —  +  —  + . 


VL  Vz 
m  vm 

where  A  =  first  virial  coefficient,  B  =  second  virial  coefficient,  C  =  third  virial  coefficient. 

The  third  virial  coefficient  of  Hg(g)  is  625  (cm2/mol)2.  What  volume  is  available  for 
movement  of  10  moles  He(g)  atoms  present  in  50  L  vessel? 

(a)  49.75  L  (b)  49.25  L  (c)  25  L  (d)  50  L 

24.  If  the  slope  of  ‘Z’  (compressibility  factor)  v/s  ‘P’  curve  is  constant  ^ slope  =  -  atm-1  j  at  a 

particular  temperature  (300  K)  and  very  high  pressure,  then  calculate  diameter  of  the 
molecules. 

(Given  :  NA  =  6.0  x  1023,  R  =  0.0821  atm.  lit  mol'1  K"1)  ; 

(a)  7.5  A  (b)  5  A  (c)  2.5  A  (d)  1.25  A 

25.  A  graph  is  plotted  between  P  (atm)  vs  t°C  for  10  mol  of  an  ideal  gas  as  '  -  . 

follows:  i  T 

then  slope  of  curve  and  volume  of  container  (L)  respectively,  is:  P(aim) 

(a)  0.1,  8.21  (b)  8.21,  0.1  27.3  ( 

0*7  O  O  ni  D  Ol  0*7  o.  1 


(c)  27.3,  8.21 


(d)  8.21,  27.3 


26.  For  two  samples  A  and  B  of  ideal  gas  following  curve  is  plotted  rr'T' - ^(TA)  - 1 

between  nvsV  (volume  of  container)  at  16.42  atm  pressure  as  follows,  .  |  /  \ 

then  temperature  of  A  and  B  respectively  are:  ' n  /  b(Tb) 

(a)~K,200V3K  (b)  ^°C,(200a/3)°C  ! 

V3  V3  |  r  j 

(c)  200^3K,  ~K  (d)  200K,  —  K  L  V(P  .  i 

V3  200 

27.  At  a  constant  pressure,  what  should  be  the  percentage  increase  in  the  temperature  in  kelvin  for 
a  10%  increase  in  volume: 

(a)  10%  (b)  20%  (c)  5%  (d)  50% 

28.  6  litre  H20  is  placed  in  a  closed  room  of  volume  827  L  at  the  temperature  of  300  K.  If  vapour 
pressure  of  liquid  water  is  22.8  mm  of  Hg  at  300  K  and  its  density  is  1  g/cm3: 

[Given  :  R  =0.0821  atm.  L  mol'1  K-1,  Assuming  volume  of  liquid  water  to  be  constant  ]  J 


Column-I 

(p) 

Mass  of  H20  in  gaseous  form  (in  gm) 

(Q) 

Moles  of  H20  in  gaseous  state  (in  moles) 

(R) 

Approximate  mass  of  water  left  in  liquid  state  (in  kg) 

(S) 

Total  number  of  moles  of  all  atoms  in  vapour  form 

List-I  (Conditions  for  real  gas) 

(P)  If  force  of  attraction  among  gas  particles  are  negligible 

(Q)  At  1  atm  and  273  K 

(R)  If  the  volume  of  gas  particles  is  negligible 

(S)  At  low  pressure  and  high  temperature 

'Codes  : 


PVm  -RT  -  — 

V 

vm 


(3)  P  +  -^  ( Vm-b)=RT 


PVm  =  RT  +  Pb 


(a)  4  1 

Cb)  4  3 

(c)  2  1 

Cd)  1  2 
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van  der  Waals’  equation  for  calculating  the  pressure  of  a  nonideal  gas  is 


P  + 


an 

V2 


(V  -  nb)  =  n  RT 


van  der  Waals'  suggested  that  the  pressure  exerted  by  an  ideal  gas,  Pidca] ,  is  related  to  the 
experimentally  measured  pressure,  Preal  by  the  equation 

^idcal  =  ^ncal  * 

V 2 

t  T 

observed  correction 
pressure  term 

Constant  a  is  measure  of  intermolecular  interaction  between  gaseous  molecules  that  gives  rise 
to  nonideal  behavior  depends  on  how  frequently  any  two  molecules  approach  each  other 
closely.  Another  correction  concerns  the  volume  occupied  by  the  gas  molecules.  In  the  ideal 
gas  equation,  V  represents  the  volume  of  the  container.  However,  each  molecule  does  occupy  a 
finite,  although  small,  intrinsic  volume,  so  the  effective  volume  of  the  gas  becomes  (V"  -  nb), . 
where  n  is  the  number  of  moles  of  the  gas  and  b  is  a  constant.  The  term  nb  represents  the 
volume  occupied  by  n  moles  of  the  gas. 

Having  taken  into  account  the  corrections  for  pressure  and  volume,  we  can  rewrite  the  ideal 
gas  equation  as  follows  : 

( 1  2 3\ 

P  +  — (V  -  nb)  =  nRT 

l  V2) 

corrected  corrected 

pressure  volume 


1.  At  relatively  high  pressures,  the  van  der  Waals’  equation  of  state  reduces  to 

(a)  PV  =RT  -a/V  (b )PV  =  aRT/V2  (c)  P  =  RT  -  a/V2  (d)PV=RT  +  Pb 

2.  For  non-zero  value  of  force  of  attraction  between  gas  molecules  for  large  volume,  gas  equation 
will  be  : 

(a)  PV  ~  nRT  -  ^  (b)  PV  =  nRT  +  nbP  (c)  P  =  (d)  PV  =  nRT 

3.  The  van  der  Waals’  constant  ‘  a'  for  CO  2  gas  is  greater  than  that  of  H  2  gas.  Its  mean  that  the 

(a)  strength  of  van  der  Waals’  force  of  C02  gas  is  less  than  that  of  H2  gas 

(b)  strength  of  van  der  Waals’  force  of  C02  gas  is  equal  to  that  of  H2  gas 

(c)  C02  gas  can  be  more  easily  liquified 

(d)  H2  gas  can  be  more  easily  liquified 


4.  Using  van  der  Waals’  equation,  find  the  constant  *  a’  (in  atm  L2  mol  ~2  )  when  two  moles  of  a  gas 
confined  in  4  L  flask  exerts  a  pressure  of  11.0  atmospheres  at  a  temperature  of  300  K.  The 
value  of  b  is  0.05  L  mol-1.  (R  =  0.082  atm.L/K  mol) 

(a)  2.62  (b)  2.64  (c)  6.24  (d)  6.46 


PASSAGE 


Collision  cross-section  is  an  area  of  an  imaginary  sphere  of  radius  a  around  the  molecule 
within  which  the  centre  of  another  molecule  cannot  penetrate. 

The  volume  swept  by  a  single  molecule  in  unit  time  is 

collision 

cross-section 


V  =  (raj2)u  where  u  is  the  average  speed 

If  N  *  is  the  number  of  molecules  per  unit  volume,  then  the  number  of  molecules  within  the 
volume  V  is 

N  =  VN  *  =  (n a2u)N  * 

Hence,  the  number  of  collision  made  by  a  single  molecule  in  unit  time  will  be 

Z  -N  -  (no2u )N  * 


In  order  to  account  for  the  movements  of  all  molecules,  we  must 
consider  the  average  velocity  along  the  line  of  centres  of  two 
colliding  molecules  instead  of  the  average  velocity  of  a  single 
molecule.  If  it  is  assumed  that,  on  an  average,  molecules  collide 
while  approaching  each  other  perpendicularly,  then  the  average 
velocity  along  their  centres  is  42  u  as  shown  below. 

Number  of  collision  made  by  a  single  molecule  with  other  molecules 
per  unit  time  is  given  by 

Z2  -  7co2(ure]  *  -  V 2  na2  uN  * 


The  total  number  of  bimolecular  collisions  Zu  per  unit  volume  per  unit  time  is  given  by 


%n  =  —  or  Zu 


=  -  (V2na2uN*)  N  *  =  ~  ko2uN  *2 

2  V2 


If  the  collision  involve  two  unlike  molecules  then  the  number  of  collisions  Z12  per  unit  volume 
per  unit  time  is  given  as 


*1*2 
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where  A/j  and  N2  are  the  number  of  molecules  per  unit  volume  of  the  two  types  of 
molecules,  a12  is  the  average  diameter  of  the  two  molecules  and  \i  is  the  reduced  mass. 
The  mean  free  path  is  the  average  distance  travelled  by  a  molecule  between  two  successive 
collisions.  We  can  express  it  as  follows  : 

_ _ Average  distance  travelled  per  unit  time _ _  u 

No.  of  collisions  made  by  a  single  molecule  per  unit  time  Zt 

J2  xg2uN  *  72  kg2N  * 

1.  For  a  given  gas  the  mean  free  path  at  a  particular  pressure  is 

(a)  Independent  of  temperature  (b)  Decreases  with  rise  in  temperature 

(c)  Increases  with  rise  in  temperature  (d)  Directly  proportional  to  T2 

2-3  Three  ideal  gas  samples  in  separate  equal  volume  containers  are  taken  and  following  data  is 
given  : 


Pressure 

Temperature  - 

Mean  free  paths 

Mol.  wt. 

Gas  A 

1  atm 

1600  K 

0.16  nm 

20 

Gas  B 

2  atm 

200  K 

0.16  nm 

40 

Gas  C 

4  atm 

400  K 

0.04  nm 

80 

2.  Calculate  ratio  of  collision  frequencies  (Zn )  (A  :  B  :  C)  of  following  for  the  three  gases. 

(a)  1  :  2  :  4  (b)  4  :  2  :  1  (c)  1  :  4  :  16  (d)  16  :  4  :1 

3.  Calculate  number  of  collision  by  one  molecule  per  sec  (Z1 ). 

(a)  4  :  1  :  4  (b)  1  :  4  :  4  (c)  4  :  3  :  2  (d)  1  :  2  :  4 

PASSAGE  3' 

* 

A  manometer  contains  a  liquid  of  density  5.44  g/cm3  is  attached  to  a  flask  containing  gas  ‘A’  as 
follows 

Patm=1  atm 


38cm 


1.  If  the  same  liquid  is  used  in  Barometer  to  measure  the  atmospheric  pressure,  then  what  will  be 
the  length  of  the  liquid  column,  which  exerts  pressure  equal  to  1  atm  ?  (density  of  Hg  =  13.6 
g/cm3) 

(a)  190  cm  (b)  76  cm  (c)  30.4  cm  (d)  266  cm 

2.  The  initial  pressure  of  gas  A  in  the  flask  is: 

(a)  1.5  atm  (b)  1  atm  '  (c)  1.3  atm  (d)  1.2  atm 

3.  If  gas  A  undergoes  30%  trimerisation  [3A(g)  ^  A3(g)]  then  the  difference  in  height  of  the 
liquid  level  in  two  columns  is: 

(a)  38  cm  (b)  7.6  cm  (c)  3.04  cm  (d)  15.1  cm 

ONE  OR  MORE  ANSWERS  IS/ARE  CORRECT 

1.  Which  of  the  following  curves  represent(s)  Boyle’s  law? 


2;'  If  a  gas  expands  at  constant  temperature: 

(a)  the  pressure  decreases 

(b)  the  kinetic  energy  of  the  molecules  remains  the  same 

(c)  the  K.E.  of  the  molecules  decrease 

(d)  the  number  of  molecules  of  the  gas  increase 

3.  Which  of  the  following  statements  are  correct? 

(a)  It  is  not  possible  to  compress  a  gas  at  a  temperature  below  Tc 

(b)  At  a  temperature  below  Tc,  the  molecules  are  close  enough  for  the  attractive  forces  to 
act,  and  condensation  occurs 

(c)  No  condensation  takes  place  above  Tc 

(d)  Due  to  higher  kinetic  energy  of  the  gas  molecules  above  Tc,  it  is  considered  as  super 
critical  fluid , 

4.  What  conclusion  would  you  draw  from  the  following  graphs  for  an  ideal  gas? 


0K(-273.15“C)  T  0  K  (-273.1 5’C)  T 


(a)  As  the  temperature  is  reduced,  the  volume  as  well  as  the  pressure  increase 

(b)  As  the  temperature  is  reduced,  the  volume  becomes  zero  and  the  pressure  reaches  infinity 


GASEOUS  STATE 


(c)  As  the  temperature  is  reduced,  the  pressure  decrease 

(d)  A  point  is  reached  where,  theoretically,  the  volume  become  zero 


At  Boyle  temperature: 

(a)  the  effects  of  the  repulsive  and  attractive  intermolecular  forces  just  offset  each  other 

(b)  the  repulsive  intermolecular  forces  are  greater  than  the  attractive  intermolecular  forces 

(c)  the  repulsive  intermolecular  forces  are  less  than  the  attractive  intermolecular  forces 

(d)  b-~>0 

RT 


6.  Indicate  the  correct  statement  for  equal  volumes  of  N2(g)  and  C02(g)  at  25°C  and  1  atm. 

(a)  The  average  translational  K.E.  per  molecule  is  the  same  for  N2  and  C02 

(b)  The  rms  speed  remains  same  for  both  N2and  C02 

(c)  The  density  of  N2  is  less  than  that  of  C02 

(d)  The  total  translational  K.E.  of  both  N2  and  C02  is  the  same 

7.  Which  of  the  following  is  correct  for  critical  temperature? 

(a)  It  is  the  highest  temperature  at  which  liquid  and  vapour  can  coexist 

(b)  Beyond  this  temperature,  there  is  no  distinction  between  the  two  phases  and  a  gas  cannot 
be  liquefied  by  compression. 

(c)  At  this  temperature,  the  gas  and  the  liquid  phases  have  different  critical  densities 

(d)  All  are  correct 

8.  Consider  the  following  statement  regarding  Maxwell’s  distribution  of  velocities.  The  correct 
statement(s)  is/are  : 

(a)  As  temperature  increases,  the  peak  (maxima)  of  a  curve  is  shifted  towards  right  side 

(b)  As  temperature  increases,  the  most  probable  velocity  of  molecules  increases  but  fraction 
of  molecules  of  maximum  velocity  decreases 

(c)  The  area  under  the  curve  at  all  the  temperatures  is  the  same  because  it  represents  the 
number  of  gaseous  molecules 

(d)  The  fractions  of  molecules  having  different  velocities  are  different  at  a  given 
temperature 

9.  If  a  gas  expands  at  a  constant  pressure  by  providing  heat : 

(a)  die  temperature  increases 

(b)  the  kinetic  energy  of  the  gaseous  molecules  remains  same 

(c)  the  kinetic  energy  of  gaseous  molecules  decreases 

(d)  the  number  of  molecules  of  the  gas  decreases 

10.  Select  incorrect  statement(s)  : 

(a)  the  product  of  pressure  and  volume  of  fixed  amount  of  a  gas  is  independent  of  temperature 

(b)  the  value  of  universal  gas  constant  depends  upon  temperature,  volume  and  number  of 
gaseous  molecules 

(c)  the  gas  constant  also  know  as  Boltzmann’s  constant 

(d)  the  average  kinetic  energy  of  molecules  depends  only  on  temperature 

11.  Following  represents  the  Maxwell  distribution  curve  for  an  ideal  gas  at  two  temperature  7^  and 
T2.  Which  of  the  following  option (s)  are  true? 


:  O  v»  * 
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(a)  Total  area  under  the  two  curves  is  independent  of  moles  of  gas 

(b)  Umps  decreases  as  temperature  decreases 

.  (c)  7j  >  T2  and  hence  higher  the  temperature,  sharper  the  curve 

(d)  The  fraction  of  molecules  having  speed  =  Umps  decreases  as  temperature  increases 

12.  Two  container  each  containing  liquid  water  are  connected  as  shown  in  diagram. 


Given  that  vapour  pressure  of  H20(7)  at  300  K  and  350  K  are  22  torr  and  40  torr.  Select  write 
statement(s)  : 

(a)  The  final  pressure  in  each  container  if  valve  is  opened' while  keeping  the  containers  at  the 
given  temperature  is  22  torr 

(b)  The  final  pressure  in  each  container  if  valve  is  opened  while  keeping  the  containers  at  the 
given  temperature  is  40  torr 

(c)  Mass  of  H20(D  is  decreased  in  vessel  X 

(d)  Mass  of  H2O(0  is  decreased  in  vessel  Y 

13.  Select  the  correct  statement(s)  : 

(a)  At  Boyle’s  temperature  a  real  gas  behaves  like  an  ideal  gas  at  low  pressure 

(b)  Above  critical  conditions,  a  real  gas  behave  like  an  ideal  gas 

(c)  For  hydrogen  gas  ‘b’  domainates  over  ‘a’  at  all  temperature 

(d)  At  high  pressure  van  der  Waals’  constant  ‘b’  domainates  over  ‘a’ 

14.  Select  the  correct  statement : 

.  (a)  The  value  of  compressibility  factor  ‘Z’  for  H2  gas  is  greater  than  one  at  room 

temperature  and  pressure 

*,  Cb)  The  real  gas  behaves  as  an  ideal  gas  at  Boyle’s  temperature. 


(c)  For  a  real  gas  following  van  der  Waals’  equation  of  state,  the  expression  of  critical 

8a 

temperature  is - 

27  R.b 

P  b 

(d)  At  low  pressure,  the  compressibility  factor  ‘Z’  =  1  +  — —  for  a  van  der  Waals’  gas. 

PT 

15.  A  open  ended  mercury  manometer  is  used  to  measure  the  pressure  exerted  by  a  trapped  gas  as 
shown  in  the  figure.  Initially  manometer  shows  no  difference  in  mercury  level  in  both  columns 
as  shown  in  diagram. 


After  sparking  ‘A’  dissociates  according  to  following  reaction 

A(g)  - *  B(g)  +  3C(g) 

If  pressure  of  Gas  “A”  decreases  to  0.9  atm.  Then  (Assume  temperature  to  be  constant  and  is 
300  K) 

(a)  total  pressure  increased  to  i.3  atm 

(b)  total  pressure  increased  by  0.3  atm 

(c)  total  pressure  increased  by  22.3  cm  of  Hg 

(d)  difference  in  mercury  level  is  228  mm. 

16.  Select  incorrect  statements  for  real  gas: 

(a)  Gases  have  only  attraction  forces  in  low  pressure  region 

(b)  Volume  of  gas  particles  is  not  negligible  in  low  pressure 

(c)  Gases  behaves  as  an  ideal  gas  at  low  pressure 

(d)  In  high  pressure  region  attractive  forces  dominates 

17.  Select  correct  statements: 

(a)  A  real  gas  can  be  liquified  at.  critical  temperature 

(b)  Critical  pressure  is  the  maximum  pressure  at  which  substance  present  in  its  liquid 
state  at  Tc 

(c)  Ideal  gas  can  be  liquified  below  Tc 

(d)  Critical  volume  is  the  molar  volume  of  substance  in  gaseous  state  at  Tc  and  Pc 

18.  Which  is/are  correct  for  real  gases? 

.  (a)  Lt  (PVm)  =  constant  at  constant  high  temperature 

P—*0 


(b)  Lt  (PVm)  =  constant  at  constant  low  temperature 
vm-*o 


19.  Select  incorrect  statement(s) 

(a)  At  very  low  pressure  real  gases  show  minimum  deviation  from  ideal  behaviour. 

(b)  The  compressibility  factor  for  an  ideal  gas  is  zero. 

(c)  At  Boyle  temperature  real  gas  behave  as  ideal  gas  in  high  pressure  region. 

(d)  Real  gas  show  maximum  deviation  at  high  pressure  and  low  temperature. 

20.  If  an  ideal  gas  is  heated  at  constant  pressure: 

(a)  The  volume  increases 

(b)  The  mass  of  gas  remains  same 

(c)  The  kinetic  energy  of  the  molecules  increases 

(d)  Attraction  forces  between  gas  particles  increases 


( _ j  MATCH  THE  COLUMN 


Column-I  and  Column-II  contains  four  entries  each.  Entries  of  Column-I  are  to  be  matched 
with  some  entries  of  Column-11.  One  or  more  than  one  entries  of  Column-I  may  have  the 
matching  with  the  same  entries  of  Column-II. 


r 

Column  I 

(A) 

Boyle’s  temperature 

(p) 

a/Rb 

(B) 

Inversion  temperature 

(Q) 

8a/27Rb 

(C) 

Critical  temperature 

(R) 

2a/Rb 

(D) 

Critical  pressure 

(S) 

a/27b2 

2.  r 

Column  I 

'~i  r 

(A) 

Root  mean  square  velocity 

(p) 

3 

~RT 

2 

(B) 

Most  probable  velocity 

(Q) 

l8P 

V  nd 

(C) 

Average  velocity 

(R) 

l3P 

V  d 

(D) 

K.E.  of  gas  mol”1 

(S) 

I2RT 

Column  D 


Column  II 


M 


3.  [  Column  I  1  ["  Column  D 

(A)  If  force  of  attraction  among  the  gas  mole-  (P)  f  p  +  Q  j  ^  ^  _  pj. 

cules  be  negligible  *  ^  y2  J 

(B)  If  the  volume  of  the  gas  molecules  be  neg-  (Q)  py  =  rj  -  — 

ligible  V 

(C)  At  STP  (R)  PV  =  RT  +  Pb 

(D)  At  low  pressure  and  at  high  temperature  (S)  PV  =  RT 

4.  Match  gases  under  specified  conditions  listed  in  Column  I  with  their  properties/laws  in 
Column  II. 


[  Column  I 

(A)  Hydrogen  gas  (P  =  200  atm,  T  =  273K) 

(B)  Hydrogen  gas  (P  ~  0,  T  =  273  K) 

(C)  C02  (P  =  1  atm,  T  =  273  K) 

(D)  Real  gas  with  very  large  molar  volume 

5.  T  Column  I 

* 

(A)  — -  vs  -  P  for  ideal  gas  at  constant  T  and  n. 
V2 


(B)  V  vs  -  i  for  ideal  gas  at  constant  P  and  n 


(C)  PT  vs  -  T2  for  ideal  gas  at  constant  T  and  n 


(D)  V  vs-  for  ideal  gas  at  constant  T  and  n. 

n  2 


Column  II 

(P)  Compressibility  factor  *  1 

(Q)  Attractive  forces  are  dominant 

(R)  PV  =  nRT 

(S)  P(V  -  rib)  =  nRT 


CS) 


6.  Match  the  correct  column  from  list-1  to  list-2  on  the  basis  of  following  Andrews  isotherm  of 
Real  gas. 


(A)  Substance  exist  in  both  liquid  and  gas  -  (P)  At  AB  part 


state 

(B)  Only  liquid  state  exist  .  (Q)  At  BD  part 

{ 

;  (C)  Substance  exist  in  gas  state  only  I  ;  (R)  At  DE  part 

;  (D)  Real  gas  is  called  super  critical  fluid  ,  (S)  At  point  C 

(T)  At  GF  curve 


|  Column-1  I  [  Column-Et 

j  (A)  Speed  at  point  ‘A’  is  (P)  I8RT 

!  V  riW 

i  , _ 

j  (B)  Speed  at  point  ‘B’  is  (Q)  I3RT 

|  (C)  Speed  at  point  ‘C’  is  (R)  s 

(D)  The  speed  possessed  by  maximum  frac-  (S)  I2RT 

tion  of  the  gas  particles  \~M~ 


ASSERTION-REASON  TYPE  QUESTIONS 


Each  question  contains  STATEMENT-1  (Assertion)  and  STATEMENT-2  (Reason). 

Examine  the  statements  carefully  and  mark  the  correct  answer  according  to  the  instructions 
given  below 

(A)  If  both  the  statement  are  TRUE  and  STATEMENT-2  is  the  correct  explanation  of 
'  STATEMENT-1 

(B)  If  both  the  statement  are  TRUE  but  STATEMENT-2  is  NOT  the  correct  explanation  of 
STATEMENT-1 

(C)  If  STATEMENT-1  is  TRUE  and  STATEMENT-2  is  FALSE 

(D)  If  STATEMENT-1  is  FALSE  and  STATEMENT-2  is  TRUE 

1.  STATEMENT-1  :  The  heat  absorbed  during  the  isothermal  expansion  of  an  ideal,  gas  against 

vacuum  is  zero. 

STATEMENT-2  :  The  volume  occupied  by  the  molecules  of  an  ideal  gas  is  zero. 

2.  STATEMENT-1  :  A  lighter  gas  diffuses  more  rapidly  than  a  heavier  gas. 

STATEMENT-2  :  At  a  given  temperature,  the  rate  of  diffusion  of  a  gas  is  inversely 

proportional  to  the  density. 

3.  STATEMENT-1  :  The  value  of  the  van  der  Waals’  constant  ‘  a’  is  larger  for  ammonia  than  for 

nitrogen. 

STATEMENT-2  :  Hydrogen  bonding  is  present  in  ammonia. 

4.  STATEMENT-1  :  Helium  shows  only  positive  deviation  from  ideal  behaviour  at  room 

temperature. 

STATEMENT-2  :  Helium  is  an  inert  gas. 

'5.  STATEMENT-1  :  CH4,  C02has  value  of  Z (compressibility  factor)  less  than  one  at  0°C. 
STATEMENT-2  :  Z  <  1  is  due  to  the  attractive  forces  dominate  among  the  molecules. 

6.  STATEMENT-1  :  The  Joule-Thomson  coefficient  for  an  ideal  gas  is  zero. 

STATEMENT-2  :  There  are  no  intermolecular  attractive  forces  in  an  ideal  gas. 


7.  STATEMENT-1  :  The  average  translational  kinetic  energy  per  molecule  of  the  gas  per 

degree  of  freedom  is  1/2  KT. 

STATEMENT-2  :  For  every  molecule  there  are  three  rotational  degree  of  freedom. 

8.  STATEMENT-1  :  On  increasing  the  temperature,  the  height  of  the  peak  of  the  Maxwell 

distribution  curve  decreases. 

STATEMENT-2  :  The  fraction  of  molecules  is  very  less  at  the  higher  velocities. 

9.  STATEMENT-1  :  The  gases  He  and  H2  are  very  different  in  their  behaviour  at  any 

temperature  and  pressure  but  their  compressibility  factors  are  nearly  the 
same  at  the  critical  point. 

STATEMENT-2  :  They  have  nearly  the  same  critical  constant. 


10.  STATEMENT-1  :  Most  probable  velocity  is  the  velocity  possessed  by  maximum  fraction  of 

molecules  at  the  same  temperature. 

STATEMENT-2  :  On  collision,  more  and  more  molecules  acquire  higher  velocity  at  the  same 
temperature. 

11.  STATEMENT-1  :  Plot  of  P  vs  1/V  (volume)  is  a  straight  line  for  an  ideal  gas. 
STATEMENT-2  :  Pressure  is  direcdy  proportional  to  volume  for  an  ideal  gas. 

12.  STATEMENT-1  :  1  mol  of  H2  and  02  each  occupy  22.7  L  of  volume  at  0°C  and  1  bar 

pressure,  considering  ideal  behaviour. 

STATEMENT-2  :  Molar  volume  for  all  ideal  gases  at  the  same  temperature  and  pressure 
are  equal. 

13.  STATEMENT-1  :  Reacting  gases  react  to  form  a  new  gas  having  pressure  equal  to  the 

sum  of  their  partial  pressure. 

STATEMENT-2  :  Pressure  exerted  by  a  mixture  of  non-reacting  gases  present  in  a 
container  is  equal  to  the  sum  of  their  partial  pressures. 

14.  STATEMENT-1  :  1/4  01  of  the  initial  mole  of  the  air  is  expelled,  if  air  present  in  an  open 

vessel  is  heated  from  27°C  to  127°C. 

STATEMENT-2  :  Rate  of  diffusion  of  a  gas  is  inversely  proportional  to  the  square  root  of 
its  molecular  mass. 


15.  STATEMENT-1  :  Compressibility  factor  for  hydrogen  varies  with  pressure  with  positive 

slope  at  all  pressures  at  0°C. 

STATEMENT-2  :  Even  at  low  pressures,  Repulsive  forces  dominate  hydrogen  gas  at  0°C. 

16.  STATEMENT-1  :  Wet  air  is  heavier  than  dry  air. 

STATEMENT-2  :  The  density  of  dry  air  is  less  than  the  density  of  water  at  1  atm  and 
273K. 


SUBJECTIVE  PROBLEMS 


1.  Collapsible  balloon  is  inflated  to  a  volume  of  10  L  at  a  pressure  of  1  atm.  When  the  balloon  is 
immersed  to  the  bottom  of  a  lake,  its  volume  reduce  to  1.25  L  Assuming  atmospheric  pressure 
to  be  equivalent  to  10  m  column  of  water  and  no  change  in  temperature.  If  the  depth  of  the 
lake  is  x  x  io3  cm,  what  is  the  value  of  x  ? 


2.  A  gaseous  mixture  containing  equal  moles  of  H2,02  and  He  is  subjected  to  series  of  effusion 
steps.  The  composition  (by  moles)  of  effused  mixture  after  4  effusion  steps  is  x:T:y 

respectively.  Then  find  the  value  of  f — ). 


3.  One  mole  of  a  gas  changed  from  its  initial  state  (15L,2atm)  to  final  state  (41,10atm) 
reversibly.  If  this  change  can  be  represented  by  a  straight  line  in  P  -  V  curve  maximum 
temperature  (approximate),  the  gas  attained  is  xx  102K.  Then  find  the  value  of  x. 

4.  Two  moles  of  an  ideal  gas  undergoes  the  following  process.  Given  that  f— 1  is  x  x  10“y ,  then 


calculate  the  value  of  (x  +  y) 


v 


GASEOUS  STATE 


5.  If  1  mole  of  a  diatomic  gas  present  in  10  L  vessel  at  certain  temperature  exert  a  pressure  of  0.96 
atm.  Under  similar  conditions  an  ideal  gas  exerted  1.0  atm  pressure.  If  volume  of  gas  molecule 
is  negligible.  Then  find  the  value  of  van  der  Waals'  constant  “a”  (in  atm  L2/mol2). 

6.  The  graph  of  compressibility  factor  (2)  vs.  P  for  one  mole  of  a  real  gas  is  shown  in  following 
diagram.  The  graph  is  plotted  at  constant  temperature  273  K.  If  the  slope  of  graph  at  very  high 


pressure 
(in  L  /mol) 


atm  \  then  calculate  volume  of  one  mole  of  real  gas  molecules 


99  A 

Given  :  N A  ~  6x  1023  and  R  =  — —  L  atm  K^mol-1 
A  273 

(dp)  =  Z8  a,m"1 


I  P— ► 

7.  Under  the  identical  conditions  of  temperature,  the  density  of  a  gas  X  is  two  times  to  that  of  gas 
Y  while  molecular  mass  of  gas  Y  is  three  times  that  of  X.  Calculate  the  ratio  of  pressure  of  X 
and  Y. 

8.  The  time  taken  for  a  certain  volume  of  a  certain  gas  to  diffuse  through  a  small  hole  was  2  min. 
Under  similar  conditions  an  equal  volume  of  oxygen  took  5.65  min  to  pass.  What  is  the 
molecular  mass  of  gas  (in  amu)  ? 

9.  If  excess  F2(g)  reacts  at  150°C  and  1.0  atm  pressure  with  Br2(g)  to  give  a  compound  BrF„,  if 
423  mL  of  Br2(g)  at  the  same  temperature  and  pressure  produced  4.2  g  of  BrF„,  what  is  n  ? 
(Atomic  mass  Br  =  80,  F  =  19] 

10.  Initially  bulb  “A”  contained  oxygen  gas  at  27  °C  and  950  mm  of  Hg  and  bulb  “B”  contained  neon 
gas  at  27°C  and  900mm  of  Hg.  These  bulbs  are  connected  by  a  narrow  tube  of  negligible 
volume  equipped  with  a  stopcock  and  gases  were  allowed  to  mix-up  freely.  Then  obtain 
pressure  in  the  combined  system  was  found  to  be  910  mm  of  Hg. 
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If  volume  of  bulb  B  was  measured  to  be  10  L  Then  find  the  mass  of  oxygen  gas  present  initially 
in  bulb  ‘A’. 

11.  Air  is  trapped  in  a  horizontal  glass  tube  by  40  cm  mercury  column  as  shown  below  : 

1 


|  H - 36  cm  — H 

If  the  tube  is  held  vertical  keeping  the  open  end  up,  length  of  air  column  shrink  to  19  cm.  What 
is  the  length  (in  cm)  by  which  the  mercury  column  shifts  down? 

12.  A  flask  containing  air  at  107°C  and  722  mm  of  Hg  is  cooled  to  100  K  and  760  mm  of  Hg.  If 
density  in  the  initial  condition  1  g/cm3,  then  what  is  the  final  density  (g/cm3)? 

13.  If  an  ideal  gas  at  100  K  is  heated  to  109  K  in  a  rigid  container,  the  pressure  increases  by  X%. 
What  is  the  value  of  X? 

14.  The  vander  Waal’s  constants  for  a  gas  are  a  =  3.6  atm  L2  mol-2,  b  =  0.6Lmor\  If  R  =  0.08L 

T* 

atm  K_1  mol-1 .  If  the  Boyle’s  temperature  (K)  is  TBof  this  gas,  then  what  is  the  value  of  ^  ? 

15.  A  flask  has  10  gas  particles  out  of  which  four  partides  are  moving  at  7  ms-1  and  the  remaining 
are  moving  at  the  same  speed  of  'X'  ms-1.  If  the  r.m.s.  of  the  gas  is  5  ms-1,  what  is  the  value  of 
X  ? 
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Passage-1 

1.  (d) 

2.  (a)  3. 

(0  4.  (d) 

! 

Passage-2 

1.  (0 

2.  (c)  3. 

(a) 

Passage-3 

1.  (a) 

2.  (d)  3. 

(b) 

One  or  More  Answers  is/are  correct 

1.  (a,b,c,d) 

2.  (a.b)  3. 

(b,c,d)  4. 

(c,d)  5.  (j 

9.  (a) 

10.  (a,b,c)  11. 

(a,b,d)  12. 

(a,d)  13.  (a,l 

17.  (a,d) 

18.  (a,c)  19. 

(b,c)  20. 

(a,b,c) 

Match  the  Column 

1.  A  -»  P; 

B->  R; 

C  ->  Q; 

D  S 

2.  A  — ►  Rj 

B  — >  S; 

C  Q; 

D  — >  P 

3.  A  — »  R; 

B  ->  Q; 

C  -►  P; 

D  -»  S 

4.  A-»  P,  ! 

R- 

C  ->  P,  Q; 

D  -►  R 

5*  A  R; 

B  -►  S; 

C  -►  P; 

D  ->,Q 

’6.  A  ->  Q,  : 

5; 

B->R; 

C  ->  P,  T; 

D  ->  T 

7.  A  -+  S; 

B-»  P; 

C  ->  Q,  R; 

D  — ►  S  ' 

Assertion-Reason  Type  Questions 

1.  (B)  2.  (C)  3.  (A) 

4.  (B) 

5.  (A)  6,  (/ 

11.  (C)  12.  (A)  13.  (D) 

14.  (B) 

15.  (A)  16.  (C 
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6.  (a,c,d)  7.  (a,b)  8.  (a,b,c,d) 


7.  (C)  8.  (B)  9.  (C)  10.  (C) 


Hints  and  Solutions 


Level  1 

27.  (b)  The  moles  of  the  gas  in  the  bubble  remains 
constant,  so  that  =  n2.  To  calculate  the 
final  volume,  V2> 

V2=Vl 

p2  r, 

„„  ,  6.0  atm  298  K 

=  2.0  mL  x - x - 

1.0  atm  281  K 

=  12.72  mL 

39.  (c)  Because  the  number  of  moles  is  constant. 

P)  z  PHl 


VfTt 


f  V/T, 

=  3.21  x  10s  Pa  x 
=  3.50  x  10s  Pa 


V,  (273  +  28.0) 
1.03  V,  *  (273-  5.00) 


51.  (b)  Intercept  on  y-axis 

,  nR  .  10x0.0821  ... 

=  )og10  — =  log10  82i  -=-1.0 

P  t  P  nR 

—  v/s  curve  —  =  — 

T  TV 


nR 

Intercept  =  — 
10x0.0821 


8.21 


=  0.1,  slope  =  0 


53.  (c)  dA  =  2dB;  3 MA=M„;  PM  =dRT 


=  =  ^ ix5I 


=  ^ixl  =  2 


RT 


54.  (tO  Case  1 — Suppose  inner  balloon  burst  first 

“2,222  =  r,-400K 
300  r2 

Case  II — Suppose  outer  balloon  burst  first 


1500  1800 

300  “  T2 


;  r2^360K 


55.  (b)  Vi  =  V,  7j  =  300  K,  T2  =  500  K,  V2  -? 

At  constant  pressure  V{T2  =  V2Tl 
v  =  Vi72  =  Vx500_  5V 
2~  7\  ”  300  3 

.\  Volume  of  air  escaped 
=  final  volume  -  initial  volume 

’ -*i-v=n 

3  3 

2  V/3 

%  of  air  escaped  = - x  100  =  40% 

5  V/3 

57.  (a)  2NH 3(g)  - >  N2{g)+3H2(g) 

Before  sparking  76  0  0 

After  sparking  76  -  2x  x  *3x 

at  eqm 

Increase  in  pressure  2x  - 18;  x  =  9cmHg 
Partial  pressure  of  H2  -  3  x  3  =  9  cm  Hg 
60.  (a)  hgdg  =  hHgdHg;  5  x  2.72=  13.6  /iHg 
hHg=lm 

Pga5  =  0.76  dg  +  1  dg  =:  1760  mm  of  Hg 


1760 

760 


x  10  =  n  xR  x  300 
n  =  0.94  mole 


65.  (b) P,  =  i  p.pr.ofHe  =  |x^^. 


2  x  0,0821  x  400 

8.21 


66.  (c) 


=  8  atm 

p<*4xPr; 

After  removing  2  mole  of  02, 
1 


^'8XPt 


Decreasing  in  p.pr.  of  02  =  — ^ - xlOO 


3Pr  P j 

_  To  ~  T 

> 

_ T 

10^ 

=  58.33 


67.  (b)  Ptotal  =  PNj  +  PH20;  PNa  =  730  torr; 

0.821 

nN  =i 7-^± - =  0.032 

2  0.0821  x300 

69.  (a)  Volume  of  02  =  1  L 

and  p02  =  760  -  355  =  405  mm  Hg 
Since,  the  temperature  is  constant,  using 
Boyle's  law  we  get 

1  L  x  405  mm  =  0.3  L  x  p'02 
p'o2  =  1350  mm  Hg 

77.  (b)  Pgas  —  P^rygas  +  ^moisture  T  K 

°r  Pdry  =  830  -30  =  800 

Now  at  T2  =  0.99  7^; 

P  P 

at  constant  volume  —  =  — 2- 


800  x  0.99  r 

'dry  rp  —  fs  2*  mm 

*gas  ~  **dry  +  ^moisture 

-  792  +  25  =  817  mm 

78.  (b)  We  have  P0a  =  X0l  x  Ptotal 


80.  (a) 


nc  =  10  -  (n^  +  nB)  =  10-4-6 
Weight  of  C  =  6  x  2  =  12g 

PV-^RT  .41) 


Let  x  g  of  the  gas  remain  m  the  flask  when 

p  2 T 
final  press  — ,  — 

•••  (0V-feWf)  -® 

Cl)/(2)  =>  2  =  —  x- 
x  2 

3x10  * 

x  =  — =  7.5g 

85.  (c)  From  the  total  pressure  and  the  vapour 
pressure  of  water  we  can  calculate  the 
partial  pressure  of  02. 

*02  =  pt  ~  ph7o 
=  760  -  22.4 
=  737.6  mm  Hg 

From  the  ideal  gas  equation  we  write 
PVM 


no2  +  nso2 

Let  no.  of  moles  of  02  are  x; 

0.60  = - - x  p 

x/  32  +  3*/ 64  t0 

•  •  0.60  =  0.4  xPtotal 


:  1.5  atm 


po2  +  pso2 


■  1.5  atm 


=>  ^so2  ~  1.5-  Pq2  =  1.5-0.60  =  0.9  atm 

0  9 

Concentration  of  SO?  = - : - 

0.0821  x300 

=  0.036 

79,  (b)  Given  P  =  10  atm, 

total  numbers  of  moles;  +  nB  +  nc  - 10 
pA  =  3  atm,  PB=  1  atm,  nA  =  3>  nB  =  1 


^  (0.974  atm)  (0.128  L)  (32.0  g/mol) 
(a0821  L  atm/K  mol)  (273+  24)  K 
=  0.163g 

96.  (b)  Moles  ratio  =  =  —L?L  -  Z. 

nNz  w/28  1 

Ratio  of  translational  K.E.  =  nne  *He 

nN2  'TN2 

7  300 

- —  x - =  3:1 

1  700 


104.  (c)  V  = 


3 RT  _  (Kms)H2 


(Kms)H2  “  ^  f^rms^Ns 
^™^l2.xV5=  &x  — 

('4ms  )h,  V  2 


:  XA  x-P(total)  : 


nA  +  n  r  +  nr 


Similarly,  PB=xB  xP(total) 
So,  nB  m  1 


Tn,  x5  =  Th  x!4 


rN2  >TH2 


106.  (b)  200  = 


Mmix  -MH2*h2  +  MChaXCh^ 

=  2XH2+ 16(l-*„2)  =  9 
*h2  =  0.5 

133.  (a)  Mass  of  the  filled  balloon  =  50  +  685 

=  735  kg 

Pay  load  =  Mass  of  displaced  air 

-  Mass  of  balloon 
=  5108 -735  =4373  kg 

135. (c)  Cv  =  -R  +  R  +  4R  x-  =  Hr; 

2  4  2 

C  =  —  R+R=  —  R 
p  2  2 

—  =  —  =  1.1$ 

C„  11 


136.  (c)  Cv 


pR+-SR 

U _ 2 


*r  +  Ir 

2  2 


146.  (c)  b  =  4  x  volume  occupied  by  molecules  of  1 
mol  of  a  gas. 


16Naji 


_ 3x24 

[  16  x  6.023  xlO23  x3. 

=  1.355  xlO-8  cm 

Now,  molecular  diameter,  d  =  2r 
=  2.67  x  10-8  cm 


152.  (c)  At  low  pressure, 


P  +  ^2J  W  =  RT 


i.e.,  PV2  -  RTV  +a  =  0 


RT  ±  JP2T2-4Pa  RT 


—  =  1.5 

c„ 


CV=-PT 

137.  (b)  for  monoatomic  gas; 

Cp-RT  • 


for  diatomic  gas 


c'=5*t 


Thus,  for  mixture  of  1  mole  each, 

3  5 

-RT  +  -  RT 

r  _  2  2 

Cv"~ ^ 

5  7 

-  RT  4*  -  RT 

nr\A  r  —  2 _ 2 


~  3HT  1C 

Thus,  —  = - -  1.5 

Cv  2RT 


145.  (c)  P(V  -b)-RT;  P 


f  V-bY 


P=  T  +  0 

l(V-6)J 


■  (v  4<ip=p2r2) 

PV  a 

154.  (a)  —  =  Z  Z  =  1 - — 

PT  VRT 

155.  (b)  van  der  Waals’  equation  for  one  mole  of  a 

real  gas  is 


(p+£)(v- 


b)  =  RT 


or  PV  =  RT  +  Pb+^~- 


At  high  pressures,  the  van  der  Waals’  gas 
equation  reduces  to  PV  =  RT  +  Pb 

PV  ,  Pb 
or  —  =  1  +  — 

RT  RT 

Compressibility  factor  Z  =  —  =  1  +  — 
RT  RT 


157.  (c)  Z  = 


PV  V  0.9  x  0.0821  x  273 


nRT  n  9 

=  2.24  litre/mol 

.>  Volume  of  1  milli-mole  of  gas  =  2.24  mL 

158.(d)Z=  — ;  1.90=  1  x800  ; 

nRT  nxRx  330 

1  x  800 

"  1.90  xRx 330 


2  =  1.10  = 


V  x  200 
n  xR  x  570  * 


167 


Vx  200x1.90  xR  x  330 
800  xj?  x  570 


160.  (d)  0.1  + 


V  =  4L 
1000  x  (0.02)2 


V  =  20  x  0.02 


=  0.1  V2- 0.4  V +0.4=0 
=  V2  -  4V  +  4  =  0 
=>  V=2L 

Z.-g-  01X2  =  0.5 
nRT  20x0.02 

174.  (a)  The  van  der  Waals’  equation  for  1  mole  of 
gas  is 


P  +  -^r\(y-b)  =  RT 


if  we  put,  Pr  ~^-,Vr  = 

Fc  vc 


and  Tr  -  — ; 
Tr 


.•  Pr  = 


-a—,Vc  =  3b  and  7V  =  -®+ 

wlA*  C  L  07P 


This  equation  is  called  van  der  Waals’ 
equation  of  law  of  corresponding  states. 

175.  (b)^  =  |x  2.21;  Vm  =  [|x2.2ljx^; 

Vm  =  lx2.21x8-314lM 
m  8  8.314 

=  248.625  mL; 

V0  =  —  =  248.625  =  124.31  mL 
°2  32 

Level  2 

1.  (b)  The  number  of  moles  of  He,  Ne  and  Xe  is 
given  by 

PV  3  PV  10  . 

^He  ~  ~RT  ~  ~RT  9  n™*~RT~RT* 

PV  1  .  ' 


Ae  RT  RT 

(3+10  +  1) 

n  ”  nHe  +  nNe  +  nXe  ~  ~ 


The  total  pressure  is  given  by 

„  (nHe+  “xe)*T 


2.  (c)  N2+3H2  ^  2NH3 

Initial  moles  11  12  0 

at  equilibrium  9  6  4 

moles  of  N2  and  H2  present  at  equilibrium 
=  15 

after  addition  of  water 

NH3(g)+H2O(0  - >  NH4OH(0 

Volume  of  vessel  available  for  gaseous 
mixture  of  N2  and  H2  =  20  -  3.58 
=>  16.42  L 

Pressure  exerted  by  gaseous  mixture  at 
_ 15x0.821  x  300  _ 


22.5  atm 


3.  (c) 


°-1molN*l  T  T2/3 

T2  "L  2V  L 

VL 

Let  x  mole  of  N2  present  into  vessel  II  and  P 
is  final  pressure  of  N2 
P(2V0  =  xR(T2/ 3)  and  P(V)  =  (0.1  -  x)RT2 
~  x 

=>  2  = - - 

3(0.1  -x) 

=>  x  =  0.6/7  mole; 

x28  =>  2.4  g  N2 

II  has  2.4  g  N2  and  I  has  0.4  g  of  N2; 


(b)  Let  initial  mixture  contains  nx  and  n2  moles 
of  NH3  and  N2H4  respectively 
Total  moles  of  gases  originally  present 
=  nj  +  n2 

Total  moles  of  gases  after  decomposition  of 
gases  -  2nl  +  3n2 

O.SxV^Oq  +  n2)R  x  300 
4.5  x  V  =  (2n1  +  3n2)R  xl200 
2n  i  +  3n2  9 

+  n2  4 


(3+10  +  1)  RT 


nj  +  n2 


X 100  =  25% 


26.  (c) 


»£)' 


Slope  of  line  =  - —  =  tan  0 
RT 

=>  T  = — - —  =  -  1642 

RtanQ  0.0821  tan  0 

For  A  T=200SK 


t=7Tk 


Level  3 


_ J 


Passage -2  < 

2  &  3.  Let  aA>  oB  and  ac  be  collision  diameters  of 
A,  B  and  C 

,  kT  .  pr 

\  =  — —  y  i.e.,  a  oc — 

VWP  V  XP 

oa:gb  :  gc 

=  j  1600  I  200  .  f  400 

V  0.16x1  0.16x2  '^0.04x4 

=  4:1:2 

a^P2 

2.  (c)  Z1X  OC  3/2“ 


=>  A:  B:  C  = 


VmT372 

16x1 

V20  x(1600)3/2  ' 

1x4  4  x!6 

V40  x(200)3/2  *  ^80  x  (400)3/2 


=  1  :  4:16 


3.  (a)  Z1  oc 


=>  A  :  B  :  C  =  - 


0.6x1  1x2 

/2O  X  I6OO  ‘  >/40x200 


/80  x  400 


=  4:1:4 

Passage-3 

1.  (a)  /?LdL  =  ^Hg^Hg 

76J1J6 

S44 

00 

2.  (d)P0as  =  PAnn  +  Pi=l  +  — =  1.2 


PROBLEMS  IN  CHEMISTRY 


f  =  12-Q36  ^(Q36)  =  Q12atm 

PT  =  1.2-  0.36  +  0.12  =  0.96  atm 
Pressure  difference  in  column 
=  1-0.96  =  0.04  atm 

The  difference  in  height  of  the  liquid  level  in ' 
two  columns  =  0.04  x  190  =  7.6  cm 

One  or  More  Answers  is/are  Correct 

11.  (a,b,d) 

(A)  v  area  under  the  curve  gives  fraction  of 
molecules  and  total  area  is  constant. 

(B)  Umps  decreases  with  decrease  in 
temperature. 

(C)  T2  is  higher  temperature 

(D)  As  seen  from  graph;  A,  B,  D 
15.  (a,b,d) 

PT  =  (1  +  3  x)=  1  4-  3  x  0.1  =1.3  atm. 
tsP  =  0.2  atm  or  76  x  0.3cm  of  Hg 
or  760  x  0.3  mm  of  Hg 
18.  (a,c) 

Low  P  and  high  temperature  gas  behaves  as 
an  ideal  gas. 


PV  =  constant  and  — —  =  1 . 

RT 


Match  the  Column 

5.  y=4  or  =  i 


P  =  x  and  P  = - 

V 

(A)  x  =  (ki^y  =>  y  *  k1*2 

CB)  V  =  kT;  y  =  V&i  =  x  ■  y=J 

(C)  P=kT;  PT  -  kT2  or  y  =  kx 


(D)  v  =  - 


■  =c-Jx;y2  =< 


Subjective  Problems 

11.  P,  =  1  +  —  =  —  atm.  Final  height  =  19  cm 
’  76  76 

Pf  =  1  atm,  initial  length  =  h{  cm 


3.  (b) 


Boyle’s  law 


pyt=pfVf 


3A(g) 


1  xhA  = - xl9  A 

■  76 

hj  =  28  cm 

/.  The  length  by  which  the  Hg  column  shifts 
down  =  ht-hy 

12,  Pf  =  722mm  Pj  =  760  mm 

Tf  =  107  +  273  =  380  K  T^IOOK 
di  =  lg/cm3  d/=? 


-  4g/cm3 
=  28-19  =  9  cm 


13.  V,  n  constant. 


10 


*:■  The  subject  of  Thermodynamics  deals  basically  with  the  interaction  of  one  body  with 
another  in  terms  of  quantities  of  heat  &  work. 

A  System  is  defined  as  that  macroscopic  part  of  the  universe  which  is  at  the  moment  under 
investigation. 

Surroundings  are  the  rest  of  the  universe  outside  the  system. 

❖  Boundary  :  The  actual  or  imaginary  surface  that  separates  the  system  from  the 
surroundings. 
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Thermodynamic  Process  :  The  change  of  a  system  from  one  state  to  another  state. 


❖  Cyclic  Process  :  System  undergoes  a  number  of  different  processes  and  finally  returns  to  its 
initial  state. 

REVERSIBLE  PROCESS  (QUASI-STATIC)  &  IRREVERSIBLE  PROCESS  : 

A  process  which  is  carried  out  so  slowly  that  the  system  and  the  surroundings  are  nearly  in 
equilibrium  is  known  as  a  Reversible  Process.  If  this  condition  does  not  hold  good,  the 
process  is  said  to  be.  Irreversible. 

In  a  reversible  process  the  driving  force  is  infinitesimally  larger  than  the  opposing  force.  If  the 
driving  force  is  made  infinitely  smaller  than  opposing  force,  the  system  can  be  brought  back 
without  producing  any  permanent  change. 

<•  All  natural  processes  are  irreversible  process. 

Spontaneous  Process  :  Proceeds  on  its  own  i.e.,  without  any  external  help. 
INTERNAL  ENERGY  (IT)  :  The  sum  of  all  microscopic  forms  of  energy. 

U  —  ^Translational  ^Rotational  ^Vibrational  ^Bonding  +  ^Electronic  . 

LI  is  a  state  function  &  an  extensive  property. 

*  ~  ^Final  —  ^Initial  !  AU  =  <JV 

dU  =[  —  I  dr  +  j  — |  dV,  dU  =  nCVm(T2 -Tj )  at  constant  volume 
\dTJv  vdVJr 


I  PROBLEMS  IN  CHEMISTRY 


J7JTZZ 

Enthalpy 

Chemical  reactions  are  generally  carried  out  at  constant  pressure  (atmospheric  pressure)  so  it 
has  been  found  useful  to  define  a  new  state  function  called  Enthalpy  (H)  as  : 

❖  H  =  U  +  PV ;  AH  =  AU  +  A (PV) ;  at  constant  pressure  AH  =AU  +  PAV ;  combining  with  first  law. 
AH=qp 

❖  The  difference  between  AH  &  A U  becomes  significant  only  when  gases  are  involved 
(insignificant  in  solids  and  liquids) 

AH=AU  +  A  (PV)  =  AU  +  nRAT 
AH  =  AU  +  (Ang)RT 

❖  For  a  given  system  consider;  H  =  /(7\P);dH  =  dT  +  j  dP 

❖  For  isobaric  process  :dP  =  0,dH  =  ^j  dT;dH  =CP.dT;AH  =  jCp.dT 
.  *  For  an  ideal  gas  H  =  /(T)  only 

=  0  or  dH  =  Cp.dT ;  AH  =  Jcp. dT;  for  n  moles  of  ideal  gas  AH  =  J  nCp  dT 

Kirchoff  s  Equation 

❖  For  chemical  reactions  J  d  ArH  =  J  A rCp.dT 

*♦*  ArHj2  —  ArHj^  =  ArC  p(T2  —  7\) 

***  Similarly  ArUj^  “ArU^  =  ArCv(7 2  “Ij) 


thermal  Equilibrium  Mechanical  Equilibrium  Chemical  Equilibrium 

❖  ZEROTH  LAW  OF  THERMODYNAMICS 

Two  systems  in  thermal  equilibrium  with  a  third  system,  are  also  in  thermal  equilibrium  with 
each  other. 

❖  FIRST  LAW  OF  THERMODYNAMICS 

It  is  law  of  conservation  of  energy  Mathematically  for  closed  system  at  rest  in  absence  of 
external  fields  this  law  is  written  as  : 

AU  =  q  +  w 

Where  AU  is  change  in  internal  energy  of  the  system,  q  is  the  transfer  of  heat  from 
surroundings  to  the  system  and  w  is  the  work  involved  (either  done  on  the  system  or  by  the 
system). 
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Positive 


❖  Sign  convention  according  to  IUPAC  : 


System 


Negative 


^Negative 

q 

HEAT  :  The  energy  that  flow  into  or  out  of  a  system  because  of  a  difference  in  temperature 
between  the  system  and  its  surrounding. 

TYPES  OF  WORK  :  Two  types  of  work  normally  come  across  in  chemistry. 

1.  Mechanical  work  (e.  g. ,  PV  work)  2.  Electric  work  (Non  PV  work) 

Mechanical  work  is  involved  when  a  system  changes  its  volume  in  the  presence  of  an  externally 
applied  pressure  (i.  e.,  pressure  volume  work).  It  is  especially  important  in  system  containing 
gases 

dw^-P^.dV;  w  =  ~lPextdV 


CALCULATION  OF  WORK  DONE  IN  VARIOUS  PROCESS 
Isochoric  process: 

Since  dV  =  0  so  w  =  0 

from  1st  law  A  U  =qv  +w  =  qv 

Isobaric  process: 

&  AH  =  qp 

Isothermal  process: 

Since  dT  =  0  so  dU  -  0  for  an  ideal  gas 

from  1st  law  q  +  w  ==  0  or  q  =  -w 

If  process  is  reversible 


w  =  -nRT  In  —  =  -nRT  In  — 


or  w  =  -2.303  nRT  log—  = -2. 303 nRT  log  — 

^1  P 2 


If  process  is  irreversible 

w  =  -P„ 


nRT  nRT 


In  case  of  free  expansion  pext  =  0  so  w  =  0 

Adiabatic  process  :q  =  0 

AU  -  w  =  nCv  (T2  -Tj  )  =  where  y- 


If  process  is  reversible  1  =T2V£~1 


j  ft j* 

If  process  is  irreversible  — — -  =  -Pext .  — 


Cyclic  process: 

Work  done  =  Area  enclose  in  PV-diagram 
For  clockwise  it  is  -ve 
For  anti-clockwise  it  is  -i-ve 


❖  Electrical  work  (w  =  V./.f)  is  a  type  of  non  PV-work. 

Heat  Capacity  :  Between  any  two  temperatures,  the  quantity  of  heat  required  to  raise  the 
temperature  of  the  system  from  the  lower  to  the  higher  temperature  divided  by  the  temperature 
difference. 


❖  C  =dq/dT. 

*  qv  =  At; 

...  ^  J  q 


A  r  “ 

V  Lj  v  — 


or  Cv  =  (8U/dT\ 


m, 


*  Cp  m  -Cv  m  =  R  (for  ideal  gas) 

❖  Cp  m  and  Cv m  depends  on  temperature  even  for  an  ideal  gas.  (C  =a  +  bT  +  cT 2 ) 

"i  Cp1+u2Cp2+ . 


v  Ymix  ■ 


+  71<yC ,,  +  » 


Reversible  Adiabatic  process  involving  ideal  gas 

❖  nv?-1  =r2v.r1 

❖  7Yr-1  =  constant 

❖  PVy  =  constant 

...  T'/p1  -y  -  constant 

•>  Molar  Specific  heat  (Cm  )  of  ideal  gas  in  any  Reversible  Polytropic  Process  : 

C  =c  +-±-=J-  +  -X- 
m  v’m  l-x  y-1  1-x 


Second  Law  of  Thermodynamics 

Statements  : 

(i)  No  cyclic  engine  is  possible  which  take  heat  from  one  single  source  and  in  a  cycle 
completely  convert  it  into  work  without  producing  any  change  in  surrounding. 

(ii)  In  an  irreversible  process,  entropy  of  universe  increases  but  it  remains  constant : 
in  a  reversible  process 

A Ssys  +  A Ssun  =  0  for  rev.  process 

ASsys  +  ASsurr  >  0  for  irrev.  process 

AS^  +  A Ssun  >  0  (In  general) 


(iii)  Efficiency  of  Carnot  engine  working  reversibly  is  maximum. 
Carnot  cycle 

AB  -  Isothermal  Reversible  Expansion  wM  =  -nRT2  In  ~ 

vi 

BC  -  Adiabatic  Reversible  Expansion  wBC  =  Cv  (T:  — T2) 


CD  -Isothermal  Reversible  Expansion  =  -aRTj  In  —1  T2>T1 


DA  -  Adiabatic  Reversible  Expansion  wDA  =  CV(T2  -Tt) 

for  Carnot  efficiency  (r|)  calculation  =  tv'rotal  =  Tl^Jl  -  Si  Z3l 

<?2  ^2  ?2 

Calculation  of  Entropy  change  (AS  or  ASsys) 

<•  Ideal  gas  in  any  Reversible/Irreversible  process  from  (J>„  V„r, )  to  (P2>  V2,T2) 

*  AS  =  nCv  ln^-  +  nRln—  =  nCp  In^  +  aRln— 

Ti  vi  P  T,  P2 

❖  Reversible  &  irreversible  isothermal  expansion  /  contraction  of  an  ideal  gas 

AS  =  nR  In — 


*  Isobaric  heating  or  cooling  :  AS  =  nCp  In  — 


❖  Isochoric  heating  or  cooling  :  .  AS  =  nCv  In  — 

VI , 

❖  Adiabatic  process  : 

T  V 

❖  AS  =  nC v  In  —  +  nR  In  —  for  irreversible  process 


AS  =  0  for  reversible  adiabatic  compression  and  expansion. 

<*  General  reversible  heating  or  cooling  of  any  substance 

As  = 

n  T 

*  Reversible  Phase  Transformation 

(a)  AS Fusion  =  AHFusion/rm,  Tm  is  normal  melting  point  (K) 

A^vap  =  AHV ap  /Tb,  Tb  is  normal  boiling  point  (K) 

(c)  AS^  =  AHsub/rsub,  Tsub  is  sublimation  temperature  (K) 

(d)  ASTrans  =  AHTmns/TTnins,  TTrans  is  the  phase  transition  temperature  (K) 
<•  For  chemical  reaction 

ArS°-=lvpAfS°  (products)  -2vRA fS°  (reactants) 


Third  Law  of  Thermodynamics 

“At  absolute  zero  temperature,  the  entropy  of  a  perfectly  crystalline  substance  is  taken  as  zero”, 
which  means  that  at  absolute  zero  every  crystalline  solid  is  in  a  state  of  perfect  order  and  its  entropy 
should  be  zero. 

By  virtue  of  the  third  law,  the  absolute  value  of  entropy  (unlike  absolute  value  of  enthalpy)  for 
any  pure  substance  can  be  calculated  at  room  temperature. 

st  ~  ^ok  =  J  %r~  >  s*nce  Sqk  =  0 ;  St  =  J 
0  ^  0  1 

Absolute  entropies  of  various  substances  have  been  tabulated  and  these  value  are  used  to 
calculate  entropy  changes  for  the  reactions  by  the  formula; 

AS°=l,VpS°m  (products)  (reactants) 

.  f  ArC  m.dT 

Variation  of  ASr  with  temperature  &  pressure  :  J  dSr  =  J - - - 

^r^T2  ~\^Ti  =ArCpmln— - 

J1 

Gibbs  Free  Energy  (G)  and  Spontaneity 

❖  A  new  thermodynamic  state  function  G,  the  Gibbs  free  energy  is  defined  as  : 

❖  G  =H  -TS  or  AG  =  AH  -TAS  (at  constant  temperature  and  pressure) 

❖  AG  <  0  for  spontaneous  process 
♦:*  AG  =  Ofor  equilibrium. 

Criteria  for  Spontaneity 

For  a  feasible  process  A ST  =  ASsys  +  ASsurr  >  0 

In  absence  of  non  PV  work  at  constant  T  and  P  for  a  feasible  process  AG  <  0. 

Standard  Free  Energy  Change  (AG°) 

The  free  energy  change  for  a  process  at  a  specified  temperature  in  which  the  reactants  in  their 
standard  state  are  converted  to  the  products  in  their  standard  state.  It  is  denoted  by  AG°. 

'  '•  ❖  Standard  states  : 

(a)  Standard  temperature  (any  specified  temperature) 

'•  (b)  For  gases/solid/liquid:  Standard  pressure  P9=  1  bar 

(c)  For  ion/substance  in  solution:  Standard  concentration  (C°)  =  1M 
Like  the  standard  enthalpy  of  formation  of  an  element  “the  standard  free  energy  of  formation  of 
an  element  in  its  standard  state  is  zero”.  And  so; 

❖  A rG  °  £  vp  A/G°  (products)  V«A/G°  (reactants) 

A  Thermodynamic  Relationship 

For  any  reversible  reaction  :  AG  =  AG°  \-RT  InQ. 
where  Q  is  reaction  quotient. 

At  equilibrium  AG  =0,  Q=K 

AG°=-RTlnK,  AG6= -2.303RTlogKeq: 
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Effect  of  Temperature 

(a)  d^nK^  _  AH° 
dT  RT2 


:  Van’t  Hoff  Equation 

^  dflniC)  _  AH° 


AG°-  AH°-TAS°  \nK  =  — —  +  — — 

KT  R 

Integrated  form  Inf— 1  =  — - 

UJ  R{  t2  tJ 

*  RELATIONSHIP  BETWEEN  AG  &  U'non.pv 


dU  =dq  +  dwpy  +  dwnon.w 

for  reversible  process  at  constant  T  &  P 

dU  +  pdV-TdS=dwnon.PV 


dH-TdS  =  dwnon.pv 


system  )  T,P  ~  ^^non-PV 
system  )  T.P  ~~  W^non  -PV  )by,  system 

Means  free  energy  change  for  a  process  is  equal  to  the  maximum  possible  work  that  can  be 
derived  from  the  process  i.e., 

❖  AG°=  wmax  (for  a  reversible  change  at  constant  pressure  and  temperature) 

❖  In  case  of  a  galvanic  cell.  AG  =  - nFE n]l ,  where  £«„  =e.m.f.  of  the  cell ;  F  =  Faraday  constant 
and  n  =  number  of  electrons  being  transferred  in  t±ie  chemical  process 

❖  So  AG°=  -nFE^n ,  where  is  the  standard  cell  potential. 


THERMOCHEMISTRY 

❖  Enthalpy  of  Reaction  : 

The  amount  of  heat  evolved  or  absorbed  when  the  number  of  moles  of  reactants  react 
completely  to  give  the  products  as  given  by  the  balanced  chemical  equation. 

<♦  Enthalpy  of  formation  : 

The  change  in  heat  enthalpy  when  one  mole  of  a  substance  is  formed  directly  from  its 
constituent  elements  at  standard  states. 

(0  For  elements,  A/H°=0;  e.g.,  AfH°(Zn,  S)  =  0,  A^H°(Br2, 1)  =  0,  ArH°(02,  g)  =  0 
(ii)  If  element  exists  in  two  or  more  allotropic  forms  then  for  most  stable  state  A  rtf  °=  0 
e.g.,  A/H°[C(s,  graphite)]  =  0 ,  A fH°  [S(s,  rhombic)]  =0 

❖  Enthalpy  of  combustion  : 

The  change  in  enthalpy  when  one  mole  of  a  substance  is  completely  burnt  in  oxygen. 

Enthalpy  of  Transition  : 

The  enthalpy  change  when  one  mole  of  one  allotropic  form  changes  to  another. 

For  example  :  C(graphite) - >  C(diamond)  ;  A =  1.90  kJ  mol"1. 

<*  Enthalpy  of  fusion  : 

The  change  in  enthalpy  when  one  mole  of  a  solid  is  completely  converted  into  liquid  state  at 
its  melting  point. 


Enthalpy  of  vaporisation : 

The  change  in  enthalpy  when  one  mole  of  a  liquid  is  completely  converted  into  its  vapours  at 
its  boiling  point. 

Enthalpy  of  sublimation  : 

The  change  in  enthalpy  when  one  mole  of  a  solid  is  directly  converted  into  vapours  at 
sublimation  temperature. 

Enthalpy  of  solution  : 

The  change  in  enthalpy  when  one  mole  of  a  substance  is  dissolved  in  excess  of  water  so  that 
further  dilution  does  not  involve  any  heat  change. 

Enthalpy  of  Dilution : 

The  change  in  enthalpy  when  a  solution  containing  1  mole  of  solute  is  diluted  from  one 
concentration  to  another. 

Enthalpy  of  Hydration  :  (For  anhydrous  salt) 

The  enthalpy  change  when  it  combines  with  the  requisite  amount  of  water  to  form  a  new 
hydrated  stable  salt.  For  example,  the  hydration  of  anhydrous  cupric  sulphate  is  represented 
by 

CuS04  (s)  +  5H20(D - >  CuS04  •  5H20(s) 

Enthalpy  of  neutralisation  : 

Enthalpy  of  neutralisation  is  the  change  in  enthalpy  when  one  gram  equivalent  of  an  acid  is 
completely  neutralised  by  one  gram  equivalent  of  a  base  in  dilute  solutions. 

Strong  acid  +  Strong  base - >  Salt  +  Water,  A Hneut  »  -  56 kJ  mol'1 

Enthalpy  of  formation  of  ions  : 

The  enthalpy  change  when  one  mole  of  aqueous  ions  is  obtained  from  element  in  its  standard 
state  as. 

— Cl2(g)  +  aq - >Cl“(aq);AH°  =  AH  r°  (Cl" ,  aq) 

2 

By  convention,  the  standard  enthalpy  of  formation  of  H+(aq)  is  taken  to  be  zero. 

Hess’s  law  of  constant  heat  summation  : 

The  total  heat  change  in  a  particular  reaction  is  the  same  whether  the  reaction  takes  place  in 
one  step  or  in  a  number  of  steps. 
e.g.,  (i)  A  — 

(ii)  A — — >C — 

According  to  Hess’s  Law  A H  =  A Ht  +  AH  2- 
Enthalpy  of  atomisation  : 

The  change  in  enthalpy  when  one  mole  of  substance  converts  into  gaseous  atoms. 

Bond  enthalpies  : 

The  average  of  enthalpies  required  to  dissociate  the  bond  present  in  different  gaseous 
compounds  into  free  atoms  or  radicals  in  the  gaseous  state. 

The  bond  enthalpy  given  for  any  particular  pair  of  atoms  is  the  average  value  of  the 
dissociation  enthalpies  of  the  bond  for  a  number  of  molecules  in  which  the  pair  of  atoms 
appears. 


Estimation  of  Enthalpy  of  a  reaction  from  bond  Enthalpies  : 

For  the  gaseous  reaction;  C2H4(g)  +  HCl(g) - >  C2HsCl(g) 


r  Energy  required  to  N 

^Energy  released  to  .  N 

AH  = 

break  reactants  into 

+ 

from  products  from  the 

^gaseous  atoms 

gaseous  atoms  j 

Resonance  Enthalpy :  . 

Resonance  —  ^“^/.experimental  —  calculated. 

o  o 

“  AH,  caicyiated  —  AH, experimental  • 


1.,  Out  of  molar  entropy  (I),  specific  volume  (II),  heat  capacity  (III),  volume  (IV),  extensive 
properties  are  : 

(a)  I,  II  (b)  I,  II,  IV  (c)  II,  III  (d)  III,  IV 

2.  Out  of  internal  energy  (I),  boiling  point  (II),  pH  (III)  and  E.M.F.  of  the  cell  (IV)  intensive 
properties  are  : 

(a)  I,  II  (b)  II,  III,  IV  (c)  I,  III,  IV  (d)  All  of  these 

3.  Thermodynamic  equilibrium  involves 

(a)  Chemical  equilibrium  (b)  Mechanical  equilibrium 

(c)  Thermal  equilibrium  (d)  All  the  above  simultaneously 

4.  Which  has  maximum  internal  energy  at  290  K? 

(a)  Neon  gas  (b)  Nitrogen  gas  (c)  Ozone  gas  (d)  Equal 

5.  A  10  g  piece  of  iron  (C  =  0.45  J/g°C)  at  100°C  is  dropped  into  25  g  of  water  (C  =  4.2  J/g°C)  at 
27°C.  Find  temperature  of  the  iron  and  water  system  at  thermal  equilibrium. 

(a)  30°C  (b)  33°C  (c)  40°C  (d)  None  of  these 

6.  When  freezing  of  a  liquid  takes  place  in  a  system  : 

(a)  may  have  q  >  0  or  q  <  0  depending  on  the  liquid 

(b)  is  represented  by  q  >  0 

(c)  is  represented  by  q  <  0 

(d)  has  q  =  0 

7.  Mechanical  work  is  specially  important  in  systems  that  contain 

(a)  gas-liquid  (b)  liquid-liquid  (c)  solid-solid  (d)  amalgam 

8.  Determine  which  of  the  following  reactions  taking  place  at  constant  pressure  represents 
system  that  do  work  on  the  surrounding  environment 

I.  Ag  +  (aq)  +  Cl” (aq)  - ►  AgCl(s)  II.  NH4C1(s)  - >  NH3(g)  +  HCl(g) 

III.  2NH3(g)  - >  N2(g)  +  3H2(g) 

(a)  I  (b)  III  (c)  II  and  III  (d)  I  and  II 

9.  Determine  which  of  the  following  reactions  taking  place  at  constant  pressure  represent 
surrounding  that  do  work  on  the  system  environment 

I.  4NH3(g)  +  702(g)  - ►  4N02(g)  +  6H20(g) 

II.  CO(g)  +  2H2(g)  — *  CH3OH(I) 

III.  C(s,  graphite)  +  H20(g)  - >  CO(g)  +  H2(g) 

IV  H20(s)  - »  H2O(0 

(a)  III,  IV  (b)  II  and  III  (c).  II,  IV  (d)  I  and  II,  IV 

10.  A  sample  of  liquid  in  a  thermally  insulated  container  (a  calorimeter)  is  stirred  for  2  hr.  by  a 
mechanical  linkage  to  a  motor  in  the  surrounding,  for  this  process : 

(a)  w  <  0;  q  =  0;  A  U  =  0  (b)  w  >  0;  q  >  0;  A  U  >  0 

(c)w<0;q>0;AU-0  (d)  w  >  O,  q  =  0;  A  U  >  0 

11.  A  system  undergoes  a  process  in  which  A£  =  +  300  J  while  absorbing  400  J  of  heat  energy  and 
undergoing  an  expansion  against  0.5  bar.  What  is  the  change  in  the  volume  (inL)? 

(a)  4  (b)  5  (c)  2  .  (d)  3 
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12.  An  ideal  gas  expands  against  a  constant  external  pressure  of  2.0  atmosphere  from  20  litre  to 

40  litre  and  absorbs  10  kJ  of  heat  from  surrounding,  What  is  the  change  in  internal  energy  of*'  ,  • ; 
the  system?  (Given  :  1  atm-litre  =101.3  J)  X*  ■*t*X\ 

(a)  4052  J  (b)  5948  J  (c)  14052  J  (d)  9940  J 

13.  One  mole  of  an  ideal  gas  at  25°C  expands  in  volume  from  1.0  L  to  4.0  L  at  constant' 
temperature.  What  work  (in  J)  is  done  if  the  gas  expands  against  vacuum  (Pexteraai  =  0)? 

(a)  -4.0  x  102  (b)-3.0xl02  (c)-l.OxlO2  (d)  Zero 

14.  At  25°C,  a  0.01  mole  sample  of  a  gas  is  compressed  from  4.0  L  to  1.0  L  at  constant 
temperature.  What  is  the  work  done  for  this  process  if  the  external  pressure  is  4.0  bar? 

(a)  1.6  x  103  J  (b)  8.0  x  102  J  (c)  4.0  x  102  J  (d)  1.2  x  103  J 

15.  Calculate  the  work  done  (in  J)  when  4.5  g  of  H202  reacts  against  a  pressure  of  1.0  atm  at  25°C 

2H202(Z)  - >  02(g)  +  2H20(Z) 

(a)  -1.63  x  102  (b)  4.5  x  102  (c)3.2xl02  (d)  -6.1  x  102 

16*  2  mole  of  zinc  is  dissolved  in  HCl  at  25°C.  The  work  done  in  open  vessel  is  : 

(a)  -2.477  kJ  (b)  -4.955  kJ  (c)  0.0489  kJ  (d)  None 

17.  Temperature  of  1  mole  of  a  gas  is  increased  by  2°C  at  constant  pressure,  work  done  is  : 

(a)  R  (b)  2 R  (c)  R/2  (d)  3 R 

18.  A  sample  of  an  ideal  gas  is  expanded  lm3  to  3m3  in  a  reversible  process  for  which  P  =  KV2, 
with  K  =  6  bar/m6.  Work  done  by  the  gas  is  : 

(a)  5200  kJ  (b)  15600  kJ  (c)  52  kJ  (d)  5267.6  kJ 


19.'  A  given  mass  of  gas  expands  reversibly  from  the  state  A  to  the  state 
B  by  three  paths  1,  2  and  3  as  shown  in  the  figure.  If  wl9  w2  and  w3 
respectively  be  the  work  done  by  the  gas  along  three  paths  then: 
t  (a)  Wj  >  w2  >  w3 

(b)  w1  <w2  <  w3 

(c)  w1  =  w2  =  w3 

(d)  w2  <  w3  <  w1 


20.  Heat  absorbed  by  a  system  in  going  through  a  cyclic  process 
shown  in  figure  is  : 

(a)  107jiJ  (b)  106tiJ 

(c)  102n  J  (d)  104JtJ 


21.  In  the  cyclic  process  shown  in  P-V  diagram,  the  magnitude  of  the 
work  done  is  : 


(c)  2  (P2  -Px)  (V2  -  Vx)  (d)  «(V2  -  V,)2 


22.  An  ideal  gas  is  taken  around  the  cycle  ABCA  as  shown  in  P-V 
diagram.  The  net  work  done  during  the  cycle  is  equal  to  : 

(a)  l^V,  (b) 

(c)  5 PjVj  (d)  PjV, 


23.  An  ideal  gas  is  at  pressure  P  and  temperature  T  in  a  box,  which  is  kept  in  vacuum  with  in  a  large 
container.  The  wall  of  the  box  is  punctured.  What  happens  as  the  gas  occupies  entire  container? 

(a)  It’s  temperature  falls  (b)  Its  temperature  rises 

(c)  Its  . temperature  remains  the  same  (d)  Unpredictable 

24.  In  diagrams  (1  to  4),  variation  of  volume  with  changing  pressure  is  shown.  A  gas  is  taken 
along  the  path  ABCD.  The  change  in  internal  energy  of  the  gas  will  be  : 


.  <3)-»P  (4)  *  P 

fa)  Positive  in  all  the  cases  (1)  to  (4) 

(b)  Positive  in  cases  (1),  (2),  (3)  but  zero  in  case  (4) 

(c)  Negative  in  cases  (1),  (2),  (3)  but  zero  in  case  (4) 

(d)  Zero  in  all  the  cases 


.  ■ 


•  .*  i 
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25. 


26. 

27. 

28. 

29. 


If  the  door  of  a  refrigerator  is  kept  open,  the  room'  in  which  the  refrigerator  is  kept 

(a)  gets  cooled  •  *  •  *  '. 

(b)  gets  heated  ■  ‘ft-  ‘ 

(c)  neither  gets  cooled  nor  gets  heated  1  •  v 

(d)  gets  cooled  or  heated  depending  on  the  initial  temperature  of  the  room 
The  temperature  of  an  ideal  gas  increases  in  an  : 

(a)  adiabatic  expansion  %  ,  00  isothermal  expansion 


(c)  adiabatic  compression 


>  u 


(d)  isothermal  compression 


■C  p  =  2R 


For  two  mole  of  an  ideal  gas  :  '  * 

(a)  Cv  -Cp  =  R  (b)  42ft  ’  (c)  &p  ±Cv  =R  (d)  Cv 

Which  of  the  following  expr&stoh&’is  'ttue  for  an  ideal  gas  ? 

“(II- 

Liquefied  oxygen  at  1  atmosphere  is  heated  from  50  K  to  300  K  by  supplying  heat  at  a  constant 
rate.  The  graph  that  correctly  shows  the  relationship  between  temperature  and  time  is  : 

✓  I  a  + 


(d) 


f-1  =« 

\8TJV 


(a) 


(b) 


(c) 


-*» 


,  t 


(d) 


SO. 


31. 


If  wlf  w2,  w3  and  w4  for  an  ideal  gas  are  magnitude  of  work  done  in  isothermal,  adiabatic, 
isobaric  and  isochoric  reversible  expansion  processes,  the  correct  order  will  be  : 

(a)  Wj  >  w2  >  w3  >  w4  .  J.  '  (b)  tv3  >M'2>w1  >w4 


(c)  w3  >  w2  >  w4  >  w. 


(d)  vv3  >  w1  >  w2  >  tv4 


For  a  closed  container  containing  100  mole  of  an  ideal  gas  fitted  with  movable,  frictionless, 
weightless  piston  opera ting  such  that  pressure  of  gas  remains  constant  at  8.21  atm,  which 
graph  represents  correct  variation  of  log  V  vs.  log  T  where  V  is  in  litre  and  T  in  kelvin. 


32. 


33. 
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A  gas  expands  against  a  variable  pressure  given  by  P  =  —  (where  P  in  atm  and  V  in  L) .  During 

expansion  from  volume  of  l' litre  to  10  litre,  the  gas  undergoes  a  change  in  internal  energy  of 
400  J.  How  much  heat  is  absorbed  by  the  gas' during  expansion? 

(a)  46  J  (b)  4660  J  *  •  '(c)  5065.8  J  .  (d)  4260  J 

2  mole  of  an  ideal  gas  at  27°C  expand!  isothermally  dnd  reversibly  from  a  volume  of  4  litre  to 
40  litre.  The  work  done  (in  kJ)  by  thfe  gas  is  : '  *  ■“ 

(a)  tv  = -28.72  kJ 
(c)  w  =  -5.736  kJ 


U.iV  !■ 

I  V->  ;.5» 


»t 

>. 


(b)  -11.488  kJ 

(d)  w=- 4.988  kJ 
s 

•  tv  i 


>  i- « !  A  ^ 


U 


34.  10  mole  of  ideal  gas  expand  isothermally  and  reversibly  from  a  pressure  of  10  atm  to  latm  at 
300  K.  What  is  the  largest  mass  which  can  lifted  through  a  height  of  100  meter? 


(a)  31842  kg  (b)  58.55  kg  (c)  342.58  kg 

35.  A  heat  engine  carries  one  mole  of  an  ideal  mono-atomic  gas 
around  the  cycle  as  shown  in  the  figure.  Select  the  correct 
option: 

(a)  qM  =  450fl  and  --450R 

(b)  Qab  ~  450  R  and  —  225  R 

(c)  =  450  R  and  =  -  375  R 

(d)  <7ab  =  375  R  a°d  Qca  450  R 


(d)  None  of  these 


Ti  =  600  K 


A*  « - -^C 

Ti  =  300  K  7-3  =  450  K 


36.  What  is  the  final  temperature  of  0.10  mole  monoatomic  ideal  gas  that  performs  75  cal  of  work 
adiabatically  if  the  initial  temperature  is  227°C?  (use  R  =  2  cal/K-mol) 

(a)  250  K  (b)  300  K  (c)  350  K  (d)  750  K 

37.  The  work  done  by  the  gas  in  reversible  adiabatic  expansion  process  is  : 


P2V 2 


(bj  nn  a\  -r2)  (c)  p2v2  -w 


(d)  None  of  these 


y-i  v-i  y 

38.  During  an  adiabatic  process,  the  pressure  of  gas  is  found  to  be  proportional  to  the  cube  of  its 


absolute  temperature.  The  ratio  of  (CDm/Cv  m)  for  gas  is  : 

o  c  '  7 

(a)  £  (b)  |  (c)  l 

2  3  .2 


39.  A  gas  expands  adiabatically  at  constant  pressure  such  that  T  oc  V  1/2 
The  value  of  y  (Cpm/C^m)  of  the  gas  will  be  : 

(a)  1.30  '  (b)  1.50  (c)  1.70  (d)  2 

dP 

40.  For  a  reversible  adiabatic  ideal  gas  expansion  —  is  equal  to  : 


,  ,  dV 

00 


(b)  — y 


U-iJv  v 


41.  P-V  plot  for  two  gases  (assuming  ideal)during  adiabatic  processes 
are  given  in  the  Fig.  Plot  A  and  plot  B  should  correspond  respectively 
to: 

(a)  He  and  H2  (b)  H2  and  He 

(c)  He  and  Ne  (d)  H2  and  Cl2 


42.  Calculate  the  final  temperature  of  a  monoatomic  ideal  gas  that  is  compressed  reversible  and 
adiabatically  from  16  L  to  2  L  at  300  K  : 

(a)  600  K  (b)  1044.6  K 


(c)  1200  K 


(d)  2400  K 
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43.  5  mole  of  an  ideal  gas  expand  isothermally  and  irreversibly  from  a  pressure  of  10  atm  to  1  atm 
against  a  constant  external  pressure  of  1  atm.  wirr  at  300  K  is  : 

(a)  -15.921  kJ  (b)  -11.224  kJ  (c)  -110.83  kJ  (d)  None  of  these 

44.  With  what  minimum  pressure  (in  kPa),  a  given  volume  of  an  ideal  gas  (C pm  -1/2  R), 
originally  at  400  K  and  100  kPa  pressure  can  be  compressed  irreversibly  adiabatically  in  order 
to  raise  its  temperature  to  600  K  : 

(a)  362.5  kPa  (b)  275  kPa  (c)  437.5  kPa  (d)  550  kPa 


45.  The  work  done  in  adiabatic  compression  of  2  mole  of  an  ideal  monoatomic  gas  against  constant 
external  pressure  of  2  atm  starting  from  initial  pressure  of  1  atm  and  initial  temperature  of  300  K 
(R  =2  cal/mol-degree) 

(a)  360  cal  (b)  720  cal  (c)  800  cal  (d)  1000  cal 


46.  One  mole  of  an  ideal  gas  C 


5  ^ 
=  —  R 

2  J 


at  300  K  and  5  atm  is  expanded  adiabatically  to  a  final 


pressure  of  2  atm  against  a  constant  pressure  of  2  atm.  Final  temperature  of  the  gas  is  : 

(a)  270  K  (b)  273  K  (c)  248.5  K  (d)  200  K 

47.  10  litre  of  a  non  linear  polyatomic  ideal  gas  at  127°C  and  2  atm  pressure  is  suddenly  released 
to  1  atm  pressure  and  the  gas  expanded  adiabatically  against  constant  external  pressure,  the 
final  temperature  and  volume  of  the  gas  respectively  are. 

(a)  T  =  350K;  V  =  17.5L  (b)  T  =  300K;  V  =  15L 

(c)  T  =  250K;  V  =  12.5 L  (d)  None  of  these 


48.  Calculate  average  molar  heat  capacity  at  constant  volume  of  gaseous  mixture  contained  2 


mole  of  each  of  two  ideal  gases  A  |cv  m  =  ^  R  and  B  ^ 


c-.-=|R 


(a)  R  (b)  2R 

49.  0.5  mole  each  of  two  ideal  gases  A 


5  \ 

Cv.m=^R 

V  *  ) 


(c)  3 R  (d)  8R 

and  B  (Cv  m  -  3R)  are  taken  in  a  container 


50. 


and  expanded  reversibly  and  adiabatically,  during  this  process  temperature  of  gaseous  mixture 
decreased  from  350  K  to  250  K.  Find  AH  (in  cal/mol)  for  the  process  : 

(a)  -100  R  (b)  -137.5  R 

(c)  -375  R  (d)  None  of  these 


A  cyclic  process  ABCD  is  shown  in  P-V  diagram  for  an  ideal  gas.  Which 
of  the  following  diagram  represents  the  same  process? 


51.  36  mL  of  pure  water  takes  100  sec  to  evaporate  from  a  vessel  and  heater  connected  to  an 
electric  source  which  delivers  806  watt.  The  AHvaporizari(M  of  H20  is  : 

(a)  40.3  kJ/mol  (b)  43.2  kJ/mol  (c)  4.03  kj/mol  (d)  None  of  these 

52.  For  the  reaction  :  PCl5(g) - >  PCl3(g)  +  Cl2(g)  : 

(a)  AH  =  A E  (b)  AH  >  A E  (c)  AH  <  A E  (d)  None  of  the  above 

53.  Consider  the  reaction  at  300  K 

H2(g)  +  Cl2(g)  - ►  2HCl(g);  AH0  =  -185  kJ 

If  2  mole  of  H2  completely  react  with  2  mole  ofCl2  to  form  HC1.  What  is  Al/°for  this  reaction? 
(a)  0  (b)  -185  kJ  (c)  370  kJ  (d)  None  of  these 

54.  Which  of  the  indicated  relationship  is  correct  for  the  following  exothermic  reaction  carried  out 
at  constant  pressure? 

CO(g)  +  3H2(g)  - >  CH4(g)  +  H20(g) 

(a)  A E  =  AH  (b)  AE  >  AH  (c)  w  <  0  (d)  q  >  0 

55.  One  mole  of  an  ideal  gas  undergoes  a  change  of  state  (2.0  atm,  3.0  L)  to  (2.0  atm,  7.0  L)  with  a 
change  in  internal  energy  (At/)  =  30  L-atm.  The  change  in  enthalpy  (AH)  of  the  process  in 
L-atm  : 

(a)  22  (b)  38  (c)  25  (d)  None  of  these 

56.  What  is  the  change  in  internal  energy  when  a  gas  contracts  from  377  mL  to  177  mL  under  a 
constant  pressure  of  1520  torr,  while  at  the  same  time  being  cooled  by  removing  124  J  heat? 

(a)  40.52  J  (b)  -  83.48  J  (c)  -248  J  (d)  None  of  these 

57.  For  the  real  gases  reaction  2CO(g)  +  O 2(g)  - >  2C02(g);  AH  =  - 560  kJ.  In  10  litre  rigid 

vessel  at  500  K  the  initial  pressure  is  70  bar  and  after  the  reaction  it  becomes  40  bar. 

The  change  in  internal  energy  is  : 

(a)  -557  kJ  (b)  -530  kJ  (c)  -563  kJ  (d)  None  of  these 

58.  One  mole  of  a  non-ideal  gas  undergoes  a  change  of  state  from  (1.0  atm,  3.0  L,  200  K)  to  (4.0 
atm,  5.0  L,  250  K)  with  a  change  in  internal  energy  (AH)  =  40  L-atm.  The  change  in  enthalpy 
of  the  process  in  L-atm  : 

(a)  43  (b)  57  (c)  42  (d)  None  of  these 

59.  Consider  the  reaction  at  300  K 

C6H6(0  +  —  02(g)  - >  6C02(g)  + 3H20(Z);  AH  =  -3271  kJ 

2 

What  is  A U  for  the  combustion  of  1.5  mole  of  benzene  at  27°C? 

(a)  -3267.25  kJ  (b)  -4900.88  kJ  (c)  -4906.5  kJ  (d)  -3274.75  kJ 

60.  For  the  reaction;  FeC03  (s)  — >  FeO(s)  +  C02  (g) ;  A H  =  82.8  kJ  at  25°C,  what  is  (AE  or  A U) 
at  25°C? 

(a)  82.8  k J  (b)  80.32  kJ  (c)  -2394.77  kJ  (d)  85.28  kJ 

61*  At  5  x  105  bar  pressure  density  of  diamond  and  graphite  are  3  g/cc  and  2  g/cc  respectively  at 
certain  temperature  lT\  Find  the  value  of  AU  -  AH  for  the  conversion  of  1  mole  of  graphite  to 
1  mole  of  diamond  at  temperature  *T9 : 

(a)  100  kJ/mol  (b)  50  kj/mol  (c)  -100  kj/mol  (d)  None  of  these 

62*  Predict  which  of  the  following  reaction(s)  has  a  positive  entropy  change? 

I.  Ag+(aq)  +  CT(aq)  - >  AgCl(s) 

II.  NH4C1(s)  - >  NH3(g)  +  HCI(g) 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


III.  2NH3(g) - >  N2(g)  +  3H2(g) 

(a)  1  and  II  (b)  III  (c)  II  and  III  (d)  II 

Predict  which  of  the  following  reaction(s)  has  a  negative  entropy  change? 

I.  CH4(g)  +  202(g)  - >  C02(g)  +  2H2OC0 

II.  NH3(g)  +  HCl(g) - »  NH4C1(s) 

III.  2KC104(s)  - >  2KCl03(s)  +  02(g) 

(a)  III  (b)  II  (c)  I  and  II  (d)  I 

Which  of  the  following  reactions  is  associated  with  the  most  negative  change  in  entropy? 

(a)  2S02(g)  +  02(g)  - >  2S03(g) 

(b)  C2H4(g)  +  H2(g) - >  C2H6(g) 

(c)  C(s,  graphite) +  02(g)  - >  C02(g) 

(d)  3C2H 2(g)  - ►  C6H6(I) 


When  two  mole  of  an  ideal  gas 


heated  from  300  K  to  600  K  at  constant  pressure. 


The  change  in  entropy  of  gas  (AS)  is  : 

(a)  -  R  In  2  (b)--Rln2  (c)5Rln2  (d)  |nln2 

2  2  2 


Which  of  the  following  expression  for  an  irreversible  process  : 
(a)  dS  >  ^  (b)  dS  =  ~  (c)  dS  <  ^ 


(d) 


Which  of  the  following  expressions  is  known  as  Clausius  inequality  ? 

(a)f^<0  (b)fy  =  0  (c)f^-<0  (d)f^>0 

In  problem  65,  calculate  A S„as  if  process  is  carried  out  at  constant  volume  : 

(a)  5R  In 2  (b)  |r  In 2  (c)  3Rln2  (d)~3Rln2 

If  one  mole  of  an  ideal  gas  jcpm  =  | R J  is  expanded  isothermally  at  300  until  it’s  volume  is 
tripled,  then  change  in  entropy  of  gas  is  : 

(a)  zero  (b)  infinity  (c)  —  Rln3  (d)  Rln3 


In  previous  problem  if  expansion  is  carried  out  freely  (Pext  =  0),  then  AS  is  : 

(a)  zero  (b)  infinity  (c)  Rln3  (d)  None 

When  one  mole  of  an  ideal  gas  is  compressed  to  half  of  its  initial  volume  and  simultaneously 

heated  to  twice  its  initial  temperature,  the  change  in  entropy  of  gas  (AS)  is  : 

(a)  Cpm  In  2  (b)  Cv  m  In  2  (c)  R  In  2  (d)  (Cv  m  -  R)  In  2 

What  is  the  change  in  entropy  when  2.5  mole  of  water  is  heated  from  27°C  to  87°C? 
Assume  that  the  heat  capacity  is  constant.  (Cpm  (H20)  =  4.2  J/g-K  In  (1.2)  =  0.18) 

(a)  16.6  J/K  (b)  9  J/K  (c)  34.02  J/K  (d)  1.89  J/K 

Calculate  standard  entropy  change  in  the  reaction 

Fe203(s)  +  3H2(g)  - >  2Fe(s)  +  3H2O(0 

Given  :  S°  (Fe203,  S)  =  87.4,  S“  (Fe;  S)  =  27.3, 

S°  (H2,  g)  =  130.7,  S°  (H20,  0  =  69.9  JK”1  moP1 


t) 


(a)  -212.5  JK  1  mol  1  (b)  -215.2  JK'1  mol-1 

(c)  -120.9  JK  1  mol  1  (d)  None  of  these 

74.  Calculate  the  entropy  change  (J/mol  K)  of  the  given  reaction.  The  molar  entropies  [J/K-mol] 
are  given  in  brackets  after  each  substance. 

2PbS(s)  [91.2]  +  302(g)  [205.1]  - >  2PbO(s)  [66.5]  +  2S02(g)  [248.2] 

(a)  -113.5  (b)  -168.3  (c)  +72.5  (d)  -149.2 

75.  Given  ArS°  =  -  266  and  the  listed  [S°  values]  calculate  S°  for  Fe304  (s) : 


4Fe304(s)[ . ]  +  02(g)  [205]  — »  6Fe203(s)  [87] 

(a)  +111.1  Cb)  +122.4  (c)  145.75  (d)  248.25 

76.  The  entropy  change  for  a  phase  transformation  is  : 


AH  +  AG 


y  +dT 


77.  What  is  the  melting  point  of  benzene  if  =  9.95kJ/mol  and  AS^ion  =  35.7  J/K-mol? 

(a)  278.7°C  (b)  278.7  K  (c)  300  K  (d)  298  K 

78.  AS  for  freezing  of  10  g  of  H20(Z)  (enthalpy  of  fusion  is  80  cal/g)  at  0°C  and  1  atm  is  : 

(a)  12.25  J/K  (b)  -0.244  J/K  (c)  -2.93  J/K  (d)  -12.25  J/K 

79.  Chloroform  has  AHvaporization  =29.2  kj/mol  and  boils  at  61.2°C.  What  is  the  value  of 
A^ vaporization  chloroform? 

(a)  87.3  J/mol -K  (b)  477.1  J/mol-K  (c)  -87.3J/mol-K  (d)  -477.1  J/mol-K 


80.  The  entropy  of  vaporization  of  benzene  is  85  JK'1  mol'1.  When  117g  benzene  vaporizes  at 
it’s  normal  boiling  point,  the  entropy  change  of  surrounding  is  : 

(a)  -85  JK  1  (b)  — 85  x  1.5  JK  1  (c)  85  x  1.5  JK'1  (d)  None  of  these 

81.  Identify  the  correct  statement  regarding  entropy 

(a)  At  absolute  zero  temperature,  the  entropy  of  perfectly  crystalline  substances  is  +ve 

(b)  At  absolute  zero  temperature  entropy  of  perfectly  crystalline  substance  is  taken  to  be  zero 

(c)  At  0°C  the  entropy  of  a  perfectly  crystalline  substance  is  taken  to  be  zero 

(d)  At  absolute  zero  temperature,  the  entropy  of  all  crystalline  substances  is  taken  to  be  zero 
82*  Calculate  AS  for  following  process  : 

X(S)  — >  X(0 

at  100  K  at  200K 

Given  :  Melting  point  of  XM  =  100K;  AHFusion  =  20 kJ/mol;  Cpm(X,  l)  =  10 J/moL  K 
(a)  26.93  J/K  (b)  206.93  J/K  (c)  203  J/K  (d)  206.93  kJ/K 

83.  For  a  perfectly  crystalline  solid  Cpm  =  aT3,  where  a  is  constant.  IfCpm  is  0.42  J/K  mol  at  10  K, 
molar  entropy  at  20  K  is  : 

(a)  0.42  J/K  mol  v  (b)  0.14  J/K  mol  (c)  1.12  J/K  mol  (d)  zero 

84.  Consider  the  following  spontaneous  reaction  3X2(g)  2X3(g).  What  are  the  sign  of  AH,  AS 

and  AG  for  the  reaction? 

(a)  +ve,  +ve,  +ve  (b)  +ve, -ve, -ve  (c)  -ve,+ve;,-ve  (d)  -ve,  -  ve,  -  ve 

85.  For  the  reaction  2H(g)  - >  H2  (g),  the  sign  of  AH  and  AS  respectively  are  : 

(a)  +.  -  (b)  +,  +  (c)  -  +  (d)  -  - 


86.  Consider  the  following  reaction. 

C6H6(D  +  —  o2Cg) - *  6C02(g)  +  3H 20(g ) 

signs  of  A H,  AS  and  AG  for  the  above  reaction  will  be 

(a)  (b)  (c)  -, +,+  (d) 

87.  Consider  the  following  reaction  at  temperature  T : 

CH2  =  CH2(g)  +  CI2(g)  - >  ClCH2CH2Cl(g) 

A  rH°  =  -  217.5  kJ/mol,  A  rS°  =  -  233.9  J/K-mol 
Reaction  is  supported  by  : 

(a)  entropy  (b)  enthalpy  (c)  both  (a)  &  (b)  (d)  neither 

88.  For  a  process  to  be  spontaneous  at  constant  T  and  P  : 

(a)  (AG)system  must  be  negative  (b)  (A G)system  must  be  positive 

(c)  (A S)systcm  must  be  positive  (d)  (AS)system  must  be  negative 

89.  For  a  reaction  to  occur  spontaneously  : 

(a)  AS  must  be  negative  (b)  (-A H  +  T  AS)  must  be  positive 

(c)  AH  +  TAS  must  be  negative  (d)  AH  must  be  negative 

90.  Which  of  the  following  conditions  regarding  a  chemical  process  ensures  its  spontaneity  at  all 
temperature? 

(a)  AH  >  0,  AG  <  0  (b)  AH  <  0,  AS  >  0  (c)  AH  <  0,  AS  <  0  (d)  AH  >  0,  AS  <  0 

91.  The  free  energy  change  AG  =  0,  when 

(a)  the  system  is  at  equilibrium 

(b)  catalyst  is  added 

(c)  reactants  are  initially  mixed  thoroughly 

(d)  the  reactants  are  completely  consumed 

92.  Which  of  the  following  conditions  will  always  lead  to  a  non-spontaneous, change? 

(a)  AH  and  AS  both  -t-ve  (b)  AH  is  -ve  and  AS  is  +ve 

(c)  AH  and  AS  both  -ve  (d)  AH  is  +ve  and  AS  is  -ve 

93.  Suppose  that  a  reaction  has  AH  =  -  40  kJ  and  AS  =  -  50  J/K.  At  what  temperature  range  will  it 
change  from  spontaneous  to  non-spontaneous? 

(a)  0.8  K  to  1  K  (b)  799  K  to  800  K  (c)  800  K  to  801  K  (d)  799  K  to  801  K 

94.  For  isothermal  expansion  in  case  of  an  ideal  gas  : 

(a)  AG  =  AS  (b)  AG  =  AH  (c)  AG  =  -T.  AS  (d)  None  of  these 

95.  What  is  the  normal  boiling  point  of  mercury? 

Given  :  AH J  (Hg,  l )  =  0;  S°  (Hg,  Z)  =  77.4  J/K-mol 

AH/  (Hg,  g)  =  60.8  kJ/mol;  S°  (Hg,  g)  =  174.4  J/K-mol 

(a)  624.8  K  (b)  626.8  K  (c)  636.8  K  (d)  None  of  these 

96.  18  gm  of  ice  is  converted  into  water  at  0°C  and  1  atm.  The  entropies  of  H20(s)  and  H20(/)are 
38.2  and  60  J/mol  K  respectively.  The  enthalpy  change  for  this  conversion  is  : 

(a)  5951.4  J/mol  (b)  595.14  J/mol  (c)  -5951.4  J/mol  (d)  None  of  these 


t  ,v  j  »  . 

97.  Using  the  listed  [AG°y  values]  calculate  A G°  for  the  reaction  : 

3H2S(g)  [-33.6]  +  2HN03(1)  [-80.6]  — 2NO (g)  [+86.6]  +  4H2O(0 [-237.1]  +  3S(s)  [0.0] 
(a)  -513.0  (b)  -1037.0  (c)  +433.4  (d)  +225.0 

98.  From  the  following'AH0  and  AS°  values,  predict  which  of  reactions  I,  II,  and  III  would  be 

spontaneous  at  25°C.  ‘  "  ’  * 

AH°(kJ)  .  AS°(J/K) 

I.  +10.5  1  +30/  [ 

II.  +1.8  i-  -113  1 

HI.  -126  +84  ! 

(a)  HI  •  Cb)  I  *  (c)  II  and  HI  (d)  I  and  II 

99.  Calculate  A Hj  for  UBr4  from  the  A G°  of  reaction  and  the'S°  values. 


U(s) +  2Br2(I)  - >  UBr4  (s);  AG°  =  - 788.6  kJ;  S°  (J/K-mol)  50.3,  152.3,  242.6 

(a)  -822.1  kJ/mol  (b)  -841.2  kJ/mol  (c)  -775.6  kJ/mol  (d)  -804.3  kJ/mol 
100.  The  entropies  of  H2(g)  and  H(g)  are  130.6  and  114.6  J  mol-1  K-1  respectively  at  298  K.  Using 
the  data  given  below  calculate  the  bond  energy  of  H2  (ini  kJ/mol)  : 


H2(g)  — >  2H(g);  AG°  =  406.6  kJ 

(a)  377.2  (b)  436.0  (c)  425.5  (d)  430.5 

101.  Consider  the  AG f  and  AH f  (kJ/mol)  for  the  following  oxides.  Which  oxide  can  be  most  easily 
decomposed  to  form  the  metal  and  oxygen  gas? 


(a)  ZnO  (AG°  =  -  318.4,  AH°  =  -  348.3) ' 
(c)  HgO  (AG°  =  -  58.5,  A H°  =  -  90.8) 
102.  Which  of  the  following  option  is  correct  ? 


■ainic. 


(b)  Cu20  (AG°  =  -146.Q  AH°  =  - 168.8) 
(d)  PbO(AG°  =  - 187.9,  AH°  =  - 217.3) 


(d)  All  of  these  .  . 1 


103.  Calculate  AG°  (kJ/mol)  at  127°C  for  a  reaction  with  K equilibrium  =  105  : 

(a)  -38.294  (b)  -16.628  (c)  -  9.16  (d)  None  of  these 

104.  When  reaction  is  carried  out  at  standard  states  then  at  the  equilibrium  : 

(a)  AH°  =  0  (b)  AS°  =  0 

(c)  equilibrium  constant  K  =  0  (d)  equilibrium  constant  K  =  1 

105.  At  25°C,  AG°  for  the  process  H20(1)  ^  H20(g)  is  8.6  kJ.  The  vapour  pressure  of  water  at  this 

temperature,  is  nearly  :  ,  *  ... ,  i,.-  .,  t 

(a)  24  torr  (b)  285  torr  (c)  32.17  torr  (d)  100  ton- 

106.  For  the  auto-ionization  of  water,  at  25°C,  H20(l)  ^  H+(oq)  +  OH"  (aq)  equilibrium 

constant  is  10~14.  ,  . 

What  is  AG 0  for  the  process?  “  >.  v 

(a)  -8  x  104  J  (b)  -3.5  x  lO4  J  (c)  ~104>J  . 


(d)  None  of  these 


107.  The  molar  entropies  of  HI(g),  H(g)  and  1(g)  at  298  K  are  206.5,  114.6,  and  180.7  J  mol-1  K'1 
respectively.  Using  the  A G°  given  below,  calculate  the  bond  energy  of  HI. 

HI(g)  — h >  H(g)  +  1(g);  AG°  =  271.8  kJ 

(a)  282.4  (b)  298.3  (c)  290.1  (d)  315.4 

108.  Hess’s  law  states  that  : 

(a)  the  standard  enthalpy  of  an  overall  reaction  is  the  sum  of  the  enthalpy  changes  in 
individual  reactions. 

(b)  enthalpy  of  formation  of  a  compound  is  same  as  the  enthalpy  of  decomposition  of  the 
compound  into  constituent  elements,  but  with  opposite  sign. 

(c)  at  constant  temperature  the  pressure  of  a  gas  is  inversely  h  proportional  to  its  volume 

(d)  the  mass  of  a  gas  dissolved  per  litre  of  a  solvent  is  proportional  to  the  pressure  of  the 
gas  in  equilibrium  with  the  solution 

109.  An  imaginary  reaction  X  - >  Y  takes  place  in  three  steps 

X  - >  A,  AH  =-q1;  B  - >  A,  AH  =  -q2;  B  - >  Y,  AH  =  -q3 

If  Hess’  law  is  applicable,  then  the  heat  of  the  reaction  (X  ->■  7)  is  : 

(a)  <?i  -  q2  +  <h  (b)  q2  -  q3  -  ft  (c)  ft  -  q2  -  q3  (d)  q3  -q2  -  q3 

110.  The  enthalpy  change  for  a  reaction  does  not  depend  upon  : 

(a)  the  physical  states  of  reactants  and  products 

(b)  use  of  different  reactants  for  the  same  product 

(c)  the  number  of  intermediate  reaction  steps 

(d)  the  differences  in  initial  or  final  temperatures  of  involved  substances 

111.  The  standard  enthalpy  of  formation  of  gaseous  HzO  at  298  K  is  -241.82  kJ/mol.  Calculate  AH0 
at  373  K  given  the  following  values  of  the  molar  heat  capacities  at  constant  pressure  : 

H20(g)  =  33.58  JK-1  mol-1;  H2(g)  =  29.84  JK-1  mol-1;  02(g)  =  29.37  JK'1  mol-1 

Assume  that  the  heat  capacities  are  independent  of  temperature  : 

(a)  -242.6  kJ/mol  (b)  -485.2  kJ/mol  (c)  -121.3  kJ/mol  (d)  -  286.4  kJ/mol 

112.  Which  of  the  following  value  of  A H°f  represent  that  the  product  is  least  stable  ? 

(a)  - 94.0 kcal  mol-1  (b)  -231.6kcalmor1  (c)  +  2 1.4  kcal  mol-1  (d) +64.8 kcal mol-1 

1 13.  For  which  of  the  following  substances  the  enthalpy  of  formation  in  the  standard  state  is  zero  ? 

(a)  Sucrose  (b)  Ethanol  (c)  Aluminium  (d)  Calcium  chloride 

114.  Calculate  the  standard  enthalpy  of  reaction  for  the  following  reaction  using  the  listed 
enthalpies  of  reaction  : 

3Co(s)  +  202(g)  - >  Co304(s) 

2Co(s)  +  02(g)  - >  2CoO(s);  AH±  =-475.8  kJ 

6CoO(s)  +  02(g)  - »  2Co304(s);  AH2  =- 355.0  kJ 

(a)  -891.2  kJ  (b)  -120.8  kJ  (c)  +891.2  kJ  (d)  -830.8  kJ 

115.  From  given  following  equations  and  AH°  values,  determine  the  enthalpy  of  reaction  at  298  K 
for  the  reaction  : 


C2H4(g)  +  6F2(g) 
H2(g)  +  F2(g) 


2CF4(g)  +  4HF(g) 
2HF(g);  AH°  =-537  kJ 
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‘  C(s)  +  2F2(g)  - 

CF4(g);  AH;  =  -680  kJ 

2C(s)  +  2H2(g)  - 

C2H4(g);  AH3°=52kJ 

(a)  -1165 

(b)  -2486 

(c)  +1165  (d)  +2486 

116.  Given  : 

C(diamond) +  02 - >C02;  AH  =  - 395  kJ 

C(graphite)  +  02 - ►  C02 ;  AH  =  -393  kJ 

The  enthalpy  of  formation  of  diamond  from  graphite  is 

(a)  +2.0kJ  (b)  -1.5kJ  (c) -788kJ  (d)  788kJ 

117.  Which  of  the  following  equations  represents  a  reaction  that  provides  the  enthalpy  of  formation 
of  CH3Cl? 

(a)  C(s)  +  HCl(g)  +  H2(g)  - >  CH3Cl(g)  ’ 

(b)  C(s)  +  3H(g)  +  Cl(g)  - ►  CH3CI (g) 

(c)  C(s)  +  3/2H 2(g)  +  l/2Cl2(g)  - ►  CH3Cl(g) 

(d)  CH4(g)  +  Cl2(g)  - >  CH3Cl(g)  +  HCl(g) 

118.  Use  the  given  standard  enthalpies  of  formation  (in  kJ/mol)  to  determine  the  enthalpy  of 
reaction  of  the  following  reaction  : 

NH3(g)  +  3F2(g)  - >  NF3(g)  +  3HF(g) 

AH;  (NH3jg)  =  -46.2;  AH;°  (NF3>  g)  = -113.0;  AH;°  (HF,  g)  =  - 269.0 

(a)  -335.8 kJ/mol’  (b)  -873.8  kJ/mol  (c)  -697.2 kJ/mol  (d)  -890.4 kJ/mol 

119.  The  standard  enthalpy  of  formation  of  octane  (C8H18)  is  -250kJ/mol.  Calculate  the  enthalpy 
of  combustion  ofC8H)8.The  enthalpy  of  formation  ofC02(g)and  H20(I)  are  -394  kJ/mol  and 
-286  kJ/mol  respectively : 

(a)  -  5200  kJ/mol  (b)  -  5726  kJ/mol  (c)  -  5476  kJ/mol  (d)  -  5310  kJ/mol 

120.  Determine  the  enthalpy  of  formation  of  B2H6(g)  in  kJ/mol  of  the  following  reaction  : 

B2H6(g)  +  302(g)  - »  B203(s)  +  3H20(g); 

Given  :  ArH°  =  -1941  kJ/mol;  AH;  (B203i  s)  =  -1273  kJ/mol; 

AH/  (H20,  g)  =  -  241.8  kJ/mol 

(a)  -75.6  (b)  +75.6  (c)  -57.4  (d)  -28.4 

121.  Consider  the  following  reactions  : 

C(s)  +  02(g)  - >•  C02(g)  +  x  kJ 

C0(g)  +  l02(g)  - *  C02(g)  +  y  kJ 

The  heat  of  formation  of  CO(g)  is  : 

(a)  Ax  +  y)  kJ/mol  (b)  (x  -  y )  kJ/mol  (c)  (y  -  x)  kJ/mol  (d)  None  of  these 

'  r  122.  If  A fHa  (C2H4  )  and  A fH°  (C2H6)  are  x^  and  x2  kcal  mol'1,  then  heat  of  hydrogenation  of 

,*.•  C2H4  is  : 

(a)  xi  +  x2  (b)  x,  —  x2  (c)  x2  -X!  (d)  x ^  +  2x2 

123.  What  amount  of  energy  (kJ)  is  released  in  the  combustion  of  5.8  g  ofC4H10(g)? 

2C4H10(g)  +  1302(g)  - ►  8COz(g)  +  IOHjOCO;  AH°  =  -5756kJ 

(a)  575.6  (b)  287.8  (c)  182  (d)  57.56 
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124.  The  enthalpy  of  the  reaction  forming  PbO  according  to  the  following  equation  is  438  kJ.  What 
heat  energy  (kJ)  is  released  in  formation  of  22.3  g  PbO(s)? 

(Atomic  weights  :  Pb  =  207,  O  =  16.0) 

2Pb(s)  +  02(g)  - >  2PbO(s) 

(a)  21.9  (b)  28.7  ■  (c)  14.6  (d)  34.2 

125.  The  fat,  C57H1o4Og(s),  is  metabolized  via  the  following  reaction.  Given  the  enthalpies  of 
formation,  calculate  the  energy  (kJ)  liberated  when  1.0  g  of  this  fat  reacts. 

CS7H104O6(s)+ 80O2(g)  - >  57C02(g)  +  52H2O(0 

AfH°  (CS7H104O6,  s)  - -70870  kJ/mol;  AfH°  (H20,  0  =  -285.8  kJ/mol;  . 

A fH°  (C02,  g)  =  -393.5  kJ/mol 

(a)  -  37.98  (b)  -  40.4  (c)  -  33.4  (d)  -  30.2 

126.  The  heat  of  formation  of  NH3(g)  is  -46  kJ  mol-1.  The  AH  (in  kJ  mol-1)  of  the  reaction, 

2NH3(g)  - ►  N2(g)  +  3H2(g)is: 

(a)  46  (b)  -46  (c)  92  (d)  -92 

127.  Consider  the  following  reaction: 

H2O(0  - >  H20 (g);  AH]  =  44  kJ 

2CH3OH(/)  +  30 2(g)  - *  4H20(D  +  2C02(g);  A H2  =  -1453  kJ 

What  is  the  value  of  AH  for  second  reaction  if  water  vapour  instead  of  liquid  water  is  formed  as 
product? 

(a)  -1409  kJ  (b)  -1629  kJ  (c)  -1277  kJ  (d)  None  of  these 

128.  The  standard  enthalpy  change  for  the  following  reaction  is  436.4  kJ  : 

H2(g)  - >  H(g)  +  H(g) 

What  is  the  AjH°  of  atomic  hydrogen  (H)? 

.  (a)  872.8  kJ/mol  (b)  218.2  kJ/mol  (c)  -  218.2  kJ/mol  (d)  -  436.9  kJ/mol  . 

129.  Determine  enthalpy  of  formation  for  H2O2(0,  using  listed  enthalpies  of  reaction  : 

N2H4(I)  +  2H202(Z)  - >  N2(g)  +  4H20(/);  ArH°  = -818  kJ/mol 

N2H4(/)  +  02(g)  - ►  N2(g)  +  2H2O(0;  ArH2  =-622 kJ/mol 

,  H2(g)  +  l/2  02(g)  - ►  H2O(0;  ArH3  = -285  kJ/mol 

(a)  —383  kJ/mol  (b)  —187  kJ/mol  (c)  —498  kJ/mol  (d)  None  of  these 

130.  Heat  of  combustion  of  ethanol  at  constant  pressure  and  at  temperature  T  K  is  found  to  be 
-q  J  mol-1.  Hence,  heat  of  combustion  (in  J'mol-1)  of  ethanol  at  the  same  temperature  at 
constant  volume  will  be  : 

(a)  RT-q  (b)  -(q  +  RT)  (c)  q-RT  (d)  q  +  RT 

131.  Stearic  acid  [CH3(CH2)j6C02H]  is  a  fatty  acid,  the  part  of  fat  that  stores  most  of  the  energy. 
1.0  g  of  stearic  acid  was  burned  in  a  bomb  calorimeter.  The  bomb  had  a  heat  capacity  of  652 
J/°C.  If  the  temperature  of  500  g  water  (c  =  4.18  J/g  °C)  rose  from  25.0  to  39.3°C,  how  much 
heat  was  released  when  the  stearic  acid  was  burned?  [Given  Cp  (HaO)  =  4.18  J/g°C] 

(a)  39.21  kJ  (b)  29.91  kJ  (c)  108  kJ  (d)  9.32  kJ 


132.  Gasoline  has  an  enthalpy  of  combustion  24000  kJ/  gallon.  When  gasoline  bums  in  an 
'  automobile  engine,  approximately  30%  of  the  energy  released  is  used  to  produce  mechanical 

work.  The  remainder  is  lost  as  heat  transfer  to  the  engine’s  cooling  system.  As  a  start  on 
estimating  how  much  heat  transfer  is  required,  calculate  what  mass  of  water  could  be  heated 
from  25°C  to  75°C  by  the  combustion  of  1.0  gallon  of  gasoline  in  an  automobile? 

(Given  :  C  (H20)  =  4.18  J/g°C) 

(a)  34.45  kg  (b)  80.383  kg  (c)  22  kg  (d)  224  kg 

133.  A  0.05  L  sample  of  0.2  M  aqueous  hydrochloric  acid  is  added  to  0.05  L  of  0.2  M  aqueous 
ammonia  in  a  calorimeter.  Heat  capacity  of  entire  calorimeter  system  is  480  J/K.  The 
temperature  increase  is  1.09  K.  Calculate  ArH°  in  kJ/mol  for  the  following  reaction  : 

HCl(aq. )  +  NH3 (aq. )  - ■»  NH4Cl(aq.) 

(a)  -52.32  Cb)  -61.1  (c)  -55.8  (d)  -58.2 

134.  A  coffee  cup  calorimeter  initially  contains  125  g  of  water,  at  a  temperature  of  24.2°C.  8  g  of 
ammonium  nitrate  (NH4N03),  also  at  24.2°C,  is  added  to  the  water,  and  the  final  temperature 
is  18.2°C.  What  is  the  heat  of  solution  of  ammonium  nitrate  in  kJ/mol?  The  specific  heat 
capacity  of  the  solution  is  4.2  J/°C  g. 

(a)  33.51  kJ/mol  (b)  39.5  kJ/mol  .  (c)  32.2  kJ/mol  (d)  37.3  kJ/mol 

135.  Read  following  statement(s)  carefully  and  select  the  right  option  : 

(I)  The  enthalpy  of  solution  of  CaCl2-  6H20  in  a  large  volume  of  water  is  endothermic  to  the 
extent  of  3.5  kcalAmol.  If  AH  =  -  23.2  kcal  for  the  reaction, 

CaCl2(s)  +  6H2O(0  - >  CaCi2.6H20(s) 

then  heat  of  solution  of  CaCl2  (anhydrous)  in  a  large  volume  of  water  is  - 19.7  kcal/mol 

(II)  For  the  reaction  2Cl(g)  ->  Cl2(g);  the  sign  of  AH  and  AS  are  negative. 

(a)  statement  1  and  II  both  are  wrong  (b)  both  are  correct 

(c)  only  I  is  correct  (d)  only  II  is  correct 

136.  If  the  enthalpy  of  formation  and  enthalpy  of  solution  of  HCl(g)  are  -92.3  kJ/mol  and  -75.14 
kJ/mol  respectively  then  find  enthalpy  of  formation  of  Cl”  ( aq ) : 

(a)  -17.16  kJ/mol  (b)  -167.44  kJ/mol  ,  (c)  17.16  kJ/mol  (d)  None  of  these 

137.  At  25°C,  1  mole  of  MgS04  was  dissolved  in  water,  the  heat  evolved  was  found  to  be  91.2  kJ. 

One  mole  of  MgS04  -7H20  on  dissolution  gives  a  solution  of  the  same  composition 
accompanied  by  an  absorption  of  13.8  kJ.  The  enthalpy  of  hydration,  i.e.,  AH  for  the  reaction 

MgS04(s)  +  7H20(?)  - >  MgS04  •  7H20(s)  is  : 

(a)  -105  kJ/mol  (b)  -77.4  kJ/mol  (c)  105  kJ/mol  (d)  None  of  these 

138.  The  enthalpies  of  neutralization  of  a  weak  base  AOH  and  a  strong  base  BOH  by  HCl  are 
-12250  cal/mol  and  -13000  cal/mol  respectively.  When  one  mole  of  HCl  is  added  to  a  solution 
containing  1  mole  of  AOH  and  1  mole  of  BOH,  the  enthalpy  change  was  -12500  cal/  mol.  In 
what  ratio  is  the  acid  distribution  between  AOH  and  BOH? 

(a)  2  :  1  (b)  2  :  3  (c)  1:2  (d)  None  of  these 

139.  The  magnitude  of  enthalpy  change  for  neutralization  of  the  reaction  ; 

MgO(s)  +  2HCl(aq) - >  MgCl2(aq)  + H2O(0  (Given  H+ (aq)  +  OH” (aq) - >H2O(0;  -57 

kJ/mol)  will  be  : 


(a)  less  that  57 kj mol-1  (b) -57kJmol_1 

(c)  greater  than  sykJmol'1  (d)  57 kJ  mol-1 

140.  Enthalpy  of  neutralization  of  HC1  by  NaOH  is  -55.84  kJ/mol  and  by  NH4OH  is -51.34 kJ/mol. 
The  enthalpy  of  ionization  of  NH4OH  is  : 

(a)  107.18  kJ/mol  (b)  4.5  kJ/mol  (c)  -4.5  kJ/mol  (d)  None  of  these 

141.  Which  of  the  following  reaction  is  endothermic  ? 


(a)  CaC03 - >  CaO  +  C02 


(b)  Fe  +  S — -4 
(d)  CH4  +  202 


■  CO  2  +  2H20 


(c)  NaOH  +  HCl - >  NaCl  +  H20  (d)  CH4  +  20 2 - >  C02  +  2H20 

142.  Which  of  the  following  is  not  correct  ?  < 

(a)  Dissolution  of  NH4C1  in  excess  of  water  is  an  endothermic  process 

(b)  Neutralisation  is  always  exothermic 

(c)  The  absolute  value  of  enthalpy  (H)  can  be  determined  experimentally 

(d)  The  heat  of  reaction  at  constant  volume  is  denoted  by  AE 

143.  Substance  A2B(g)  can  undergoes  decomposition  to  form  two  set  of  products  : 

I - ►  A2(g)  +  B(g);  A H°  =  40  kJ/mol 

A2B(g) - 

— ►  A(g)  +  AB(g);  AH°  =  50  kJ/mol 

If  the  molar  ratio  of  A2  (g)  to  A(g)  is  5  :  3  in  a  set  of  product  gases,  then  the  energy  involved  in 
the  decomposition  of  1  mole  of  A2B(g)  is  : 

(a)  48.75  kJ/mol  (b)  43.73  kJ/mol  (c)  46.25  kJ/mol  (d)  None  of  these 

144.  Boron  can  undergo  the  following  reactions  with  the  given  enthalpy  changes  : 


2B(s)  +  ^02(g) 


B203(s);  AH  =  - 1260  kJ 
B2H6(g);  AH  =  30  kJ 


2B(s)  +  3H2(g)  - »  B2H6(g);  AH  =  30  kj 

Assume  no  other  reactions  are  occurring. 

If  in  a  container  (operating  at  constant  pressure)  which  is  isolated  from  the  surrounding, 
mixture  of  H2  (gas)  and  02  (gas)  are  passed  over  excess  of  B(s),  then  calculate  the  molar  ratio 
(02  :  H2)  so  that  temperature  of  the  container  do  not  change  : 

(a)  15  :  3  (b)  42  :  1  (c)  1  :  42  (d)  1  :  84 


145.  The  enthalpy  change  for  the  following  reaction  is  368  kj.  Calculate  the  average  O — F  bond 
energy. 

OF2(g)  — >  O(g)  +  2F(g) 

(a)  184  kJ/mol  (b)  368  kJ/mol  (c)  536  kJ/mol  (d)  736  kJ/mol 

146.  The  enthalpy  change  for  the  reaction,  C2H6  (g)  - ►  2C(g)  +  6H(g)  is  X  kJ.  The  bond  energy 

of  C — H  bond  is  : 


,  s  X 
W  2 


W| 


(d)  data  insufficient 


147.  The  table  given  below  lists  the  bond  dissociation  energy  (Ediss)  for  single  covalent  bonds 
formed  between  C  and  atoms  A,  B,  D,  E. 

Bond  E  diss  (kcal  mor1 ) 

C  —  A  240 

C  —  B  382 

.  C  —  D  276 

C  —  E  486 

Which  of  the  atoms  has  smallest  size  ? 

•v  (a)  D  (b)  E  (c)  A  (d)  D 

148;  Calculate  P — Cl  bond  enthalpy 

Given  :  A fH  (PC13,  g)  =  306  kj/mol;  AHatomization  (P,  s)  =  314 kJ/mol; 

A;H  (Cl,  g)  =  121  kj/mol 

(a)  123.66  kj/mol  (b)  371  kj/mol  (c)  19  kj/mol  (d)  None  of  these 

149.  Calculate  the  enthalpy  for  the  following  reaction  using  the  given  bond  energies  (kj/mol)  : 
(C— H  =  414;  H— O  =  463;  H— Cl  =  431,  C— Cl  =  326;  C— O  -  335) 

CH3— OH(g)  +  HCl(g)  - >  CH3— Cl(g)  +  H20(g) 

(a)  -23  kJ/mol  (b)  -42  kJ/mol  (c)  -59  kJ/mol  (d)  -511  kJ/mol 

150.  Based  on  the  values  of  B.E.  given,  A fH°  of  N2H4  (g)  is  : 

Given  :  N— N  =  159  kJ  mol-1;  H— H  =  436  kJ  mol-1 

N^N  =  941  kJ  mol-1;  N— H  =  398  kJ  mol-1 
(a)  711  kJ  mol-1  (b)  62  kJ  mol-1  (c)  -98  kJ  mol-1  (d)  -71 1  kJ  mol"1 
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A  heating  coil  is  immersed  in  a  100  g  sample  of  H2O(0  at  1  atm  and  100°C  in  a  dosed  vessel. 
In  this  heating  process,  60%  of  the  liquid  is  converted  in  to  gaseous  form  at  constant  pressure 
of  1  atm.  Densities  of  liquid  and  gaseous  water  under  these  conditions  are  1000  kg/m3  and 
0.60  kg/m3  respectively.  Magnitude  of  the  work  done  for  the  process  is  : 

(a)  4997  J  (b)  4970  J  (c)  9994  J  (d)  None  of  these 

A  rigid  and  insulated  tank  of  3  m3  volume  is  divided  into  two  compartments.  One 
compartment  of  volume  of  2  m3  contains  an  ideal  gas  at  0.8314  MPa  and  400  K  and  while  the' 
second  compartment  of  volume  1  m3  contains  the  same  gas  at  8.314  MPa  and  500  K.  If  the 
partition  between  the  two  compartments  is  ruptured,  the  final  temperature  of  the  gas  is  : 
(a)  420  K  (b)  450  K  (c)  480  K  (d)  None  of  these 

What  is  the  value  of  change  in  internal  energy  at  1  atm  in  the  process? 


Given  : 


H20  (I,  323  K) 
(H20,  I)  =  75.0  JK"1  mol"1 


A Hvap  at  373  K  =  40.7  kJ/mol 


H20  (g,  423  K) 

,m  (H20,  g)  =  33.314  JK"1  mol’ 


(a)  42.91  kJ/mol 


(b)  43086  kJ/mol  (c)  42.6  kJ/mol 


(d)  49.6  kJ/mol 


4.  For  an  ideal  gas  — —  =  y.  The  molecular  mass  of  the  gas  is  M,  its  specific  heat  capacity  at 


constant  volume  is  : 

,  ^  R 

(a)  - 

M  (y  - 1) 


K(y-l) 


M  (y  - 1) 


5.  1  mole  of  an  ideal  gas  A  (Cv  m  =  3 R)  and  2  mole  of  an  ideal  gas  B  are  |Cv>m  =  j  taken  in  a 

container  and  expanded  reversible  and  adiabatically  from  1  litre  to  4  litre  starting  from  initial 
temperature  of  320  K.  AE  or  A U  for  the  process  is  : 

(a)  -240  J?  (b)  240  R  (c)  480  R  (d)  -960  R 

6.  Calculate  the  work  done  by  the  system  in  an  irreversible  (single  step)  adiabatic  expansion  of 
2  mole  of  a  polyatomic  gas  (y  =  4/3)  from  300  K  and  pressure  10  atm  to  1  atm  : 

(a)  -227  R  (b)  -205  R  (c)  -405  R  (d)  None  of  these 


7.  One  mole  of  an  ideal  gas  is  carried  through  the  reversible  cyclic 
process  as  shown  in  figure.  The  max.  temperature  attained  by  the 
gas  during  the  cycle  : 

,  .  7  12 

(a)  —  (b)  - 

6R  '  4 9R 


,  ^  49 
(c)  — — 
12R 


(d)  None  of  these 
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8.  Two  moles  of  a  triatomic  linear  gas  (neglect  vibration  degree  of  ■  • 
freedom)  are  taken  through  a  reversible  process  ideal  starting 
.  from  A  as  shown  in  figure. 

The  volume  ratio  —  =  4.  If  the  temperature  at  A  is  -73°C,  then:.  Vo1-  (L) 


(i)  Work  done  by  the  gas  in  AB  process  is  : 

(a)  6.16  kJ  (b)  308.3  kJ 

(c)  9.97  kJ  (d)  0  J 

(ii)  Total  enthalpy  change  in  both  steps  is  : 

(a)  3000  R  (b)  4200  R  (c)  2100  R 


Temp.  (K) 


9.  A  gas  C 


Cv.m  =|R]l 


behaving  ideally  was  allowed  to  expand  reversibly  and  adiabatically  from  1 


litre  to  32  litre.  It’s  initial  temperature  was  327°C.  The  molar  enthalpy  change  (in  J/mol)  for 
the  process  is  : 

(a)  -1125  R  (b)  -675  (c)-1575R  (d)  None  of  these 

10.  Two  mole  of  an  ideal  gas  is  heated  at  constant  pressure  of  one  atmosphere  from  27°C  to  127°C. 

If  Cv  m  =  20  +  10“2  T  JK-1  mol-1,  then  q  and  A U  for  the  process  are  respectively  : 

(a)  6362.8  J,  4700  J  (b)  3037.2  J,  4700  J  (c)  7062.8  J,  5400  J  (d)  3i81.4  J,  2350  J 

11.  10  mole  of  an  ideal  gas  is  heated  at  constant  pressure  of  one  atmosphere  from  27°C  to  127°C. 
If  C  m  =  21.686  +  10'3  T,  then  AH  for  the  process  is  : 

(a)  3000  J  (b)  3350  J  (c)  3700  J,  (d)  30350 

12.  For  polytropic  process  PVn  =  constant,  molar  heat  capacity  (Cm)  of  an  ideal  gas  is  given  by : 

/  ^  ‘  R  s-*  R  /  _\  /.  n  ✓  1^ 


(d)  CDm  +  — ~ 
p'm  (n  -1) 


(a)C-"  +  (^T«  (b)C'"'l(T^O  <C)C-+R  (d,c-t(^ 

13.  2  mole  of  an  ideal  monoatomic  gas  undergoes  a  reversible  process  for  which  PV2  =  C.  The  gas 
is  expanded  from  initial  volume  of  1  L  to  final  volume  of  3  L  starting  from  initial  temperature 
of  300  K.  Find  AH  for  the  process  : 

(a)  -600  R  (b)  -1000  R  (c)  -3000  R  (d)  None  of  these 

14.  Calculate  AS  for  3  mole  of  a  diatomic  ideal  gas  which  is  heated  and  compressed  from  298  K 

and  1  bar  to  596  K  and  4  bar:  [Given:  Cv  m  (gas)  =  ^R;  In  (2)  =  0.70;  R  =  2  cal  K_1  mol-1] 

(a)  -14.7  cal  K_1  (b)  +14.7  cal  K"1  (c)  -4.9  cal  K'1  (d)  6.3  cal  K_1 

15.  One  mole  of  an  ideal  monoatomic  gas  at  27°C  is  subjected  to  a  reversible  isoentropic 
compression  until  final  temperature  reaches  to  327°C.  If  the  initial  pressure  was  1.0  atm  then 
find  the  value  of  (In  P2):  (Given  :  In  2  =  0.7) 

(a)  1.75  atm  (b)  0.176  atm  (c)  1.0395  atm  (d)  2.0  atm 

16.  Two  mole  of  an  ideal  gas  is  expanded  irreversibly  and  isothermally  at  37°C  until  its  volume  is 
doubled  and  3.41  kJ  heat  is  absorbed  from  surrounding.  AStotal  (system  +  surrounding)  is : 


(a)  -0.52  J/K 


(b)  0.52  J/K 


(c)  22.52  J/K 


17.  For  a  perfectly  crystalline  solid  Cp  m  =  aT3  +  bT,  where  a  and  b  are  constant.  If  Cp >m  is  0.40 

J/K  .mol  at  10  K  and  0.92  J/K  mol  at  20  K,  then  molar  entropy  at  20  K  is  : 

(a)  0.92  J/K  mol  (b)  8.66  J/K  mol  (c)  0.813  J/K  mol  (d)  None  of  these 


18.  Which  of  the  following  statement(s)  is/are  correct? 

Statement  (i)  :  The  entropy  in  isolated  system  with  P-V  work  only,  is  always  maximized  at 
equilibrium. 

Statement  (ii)  :  It  is  possible  for  the  entropy  of  a  close  system  to  decrease  substantially  in  an 
irreversible  process. 

Statement  (iii)  :  Entropy  can  be  created  but  not  destroyed. 

Statement  (iv)  :  is  zero  for  reversible  process  in  an  isolated  system. 

(a)  Statement  i,  ii,  iii  (b)  Statement  ii,  iv 

(c)  Statement  i,  ii,  iv  (d)  All  of  these 

1 9.  Combustion  of  sucrose  is  used  by  aerobic  organisms  for  providing  energy  for  the  life  sustaining 
processes.  If  all  the  capturing  of  energy  from  the  reaction  is  done  through  electrical  process 
(non  P-V  work)  then  calculate  maximum  available  energy  which  can  be  captured  by 
combustion  of  34.2  gm  of  sucrose 

Given  :  A (sucrose)  =  -  6000  kJ  mol-1 

AS  combustion  =180  J/K-mol  and  body  temperature  is  300  K 
(a)  600  kJ  (b)  594.6  kJ  (c)  5.4  kJ  (d)  605.4  kJ 

20.  For  the  hypothetical  reaction 

A2(g)  +  B2(g)  ^  2 AB(g) 

A rG°  and  ArS°  are  20  kJ/mol  and  -20  JK-1  mol-1  respectively  at  200  K. 

If  A rCp-  is  20  JK'1  mol-1  then  A rH°  at  400  K  is  : 

(a)  20  kJ/mol  (b)  7.98  kJ/mol  (c)  28  kJ/mol  (d)  None  of  these 

21.  Calculate  A fG°  for  (NH4C1,  s)  at  310  K. 

Given  :  A fH°  (NH4C1,  s)  =  -  314.5  kJ/mol;  ArCp  =  0 
S°N2(g)  =  192  JK-1  mol'1;  S°H2cg)  =  130.5  JK'1  mol"1; 

S°aa(«)  =  233  3K"1  mol'1;  s°nh4ci(s)  =  99.5  JK'1  mol'1 
All  given  data  at  300  K. 

(a)  -198.56  kJ/mol  (b)  -426.7  kJ/mol  (c)  -202.3  kJ/mol  (d)  None  of  these 

22.  Using  listed  informations,  calculate  A rG°  (in  kJ/mol)  at  27°C 

Co304(s)  +  4CO(g)  - »  3Co(s)  +  4C02(g) 

Given  :  At  300  K  A H°f  (kJ/mol)  -891,  -110.5,  0.0,  -393.5 

S°  (J/K-mol)  102.5,  197.7,  30.0,  213.7 

(a)  -214.8  (b)  -195.0  (c)  -200.3  (d)  -256.45 

23.  Fixed  mass  of  an  ideal  gas  contained  in  a  24.63  L  sealed  rigid  vessel  at  1  atm  is  heated  from 

-73°C  to  27°C.  Calculate  change  in  Gibb’s  energy  if  entropy  of  gas  is  a  function  of  temperature 
as  S  =  2  +  10"2  T  (J/K):  (Use  1  atm  L  =  0.1  kJ) 

(a)  1231.5  J  03)  1281.5  J  (c)  781.5  J  (d)  0 

24.  The  molar  heat  capacities  at  constant  pressure  (assumed  constant  with  respect  to 

temperature)  of  A,  B  and  C  are  in  ratio  of  3  : 1 .5  :  2.0.  The  enthalpy  change  for  the  exothermic 
reaction  A  +  2B  - >  3C  at  300  K  and  310  K  is  AH300  and  AH310  respectively  then  : 


PROBLEMS  IN  CHEMISTRY 


202  - - -  - 

(a)  AH 300  >AH31o 

(b)  AH  300  <AH310 

(c)  AH 300  =  AH3jo 

(d)  if  T2  then  AH310  >  AH300  and  if  T2  <7,  then  A H310  <  A H300 

25.  Determine  AL/°  at  300  K  for  the  following  reaction  using  the  listed  enthalpies  of  reaction  : 

4CO(g)  +  8H2(g)  - »  3CH4(g)  +  C02(g)  +  2H20(f) 

C  (graphite) +  1/20 2 (g)  - >  CO(g);  AHj 0  =  - 1 10.5  kJ 

C0(g)  +  l/202(g)  - ►  C02(g);  AH2°  = -282.9  kJ 

H2(g)  +  l/20 2(g)  - »  H2O(0;  AH3°  =  - 285.8  kJ 

C  (graphite)  +  2H 2 (g)  - ►  CH4(g);  AH4°  =  -74.8kJ 

(a)  -653.5  kJ  (b)  -686.2  kJ  (c)  -747.4  kJ  (d)  None  of  these 

26.  Calculate  A fH°  (in  kj/mol)  for  Cr203  from  the  ArG°  and  the  S°  values  provided  at  27°C 

4Cr(s)  +  302(g)  — ►  2Cr203(s);  ArG°  =  - 2093.4  kJ/mol 
S°  (J/K  mol)  :  S°  (Cr,  s)  =  24;  S°  (02)  g)  =  205;  S°  (Cr203,  s)  =  81 
(a)  -2258.1  kJ/mol  (b)  -1129.05  kJ/mol  (c)  -964.35  kJ/mol  (d)  None  of  these 

27.  Calculate  the  heat  produced  (in  kJ)  when  224  gm  of  CaO  is  completely  converted  to  CaC03  by 
reaction  with  C02  at  27°C  in  a  container  of  fixed  volume. 

Given  :  AH f  (CaC03,  s)  =  - 1207  kJ/mol;  AH /  (CaO,  s)  =  -  635  kj/mol 

AH/  (C02)  g)  =  -394  kj/mol;  [Use  R  =  8.3  K_1  mol-1] 

(a)  702.04  kJ  (b)  721.96  kJ  (c)  712  kJ  (d)  721  kJ 

28.  When  1.0  g  of  oxalic  acid  (H2C204 )  is  burned  in  a  bomb  calorimeter  whose  heat  capacity  is 
8.75  kJ/K,  the  temperature  increases  by  0.312  K.  The  enthalpy  of  combustion  of  oxalic  acid  at 
27°C  is  : 

(a)  -245.7  kJ/mol  (b)  -244.452  kJ/mol  (c)  -246.947  kj/mol  (d)  None  of  these 

29.  Enthalpy  of  neutralization  ,of  H3P03  acid  is  -106.68  kJ/mol  using  NaOH.  If  enthalpy  of 

neutralization  of  HC1  by  NaOH  is  -55.84kJ/mol.  Calculate  A Hionizition  of  H3P03  into  its  ions  : 
(a)  50.84  kJ/mol  (b)  5  kJ/mol  (c)  2.5  kJ/mol  (d)  None  of  these 

30.  The  enthalpy  of  neutralization  of  a  weak  monoprotic  acid  (HA)  in  1  M  solution  with  a  strong 

base  is  -55.95  kJ/mol.  If  the  unionized  acid  is  required  1.4  kJ/mol  heat  for  it’s  complete 
ionization  and  enthalpy  of  neutralization  of  the  strong  monobasic  acid  with  a  strong 
monoacidic  base  is  -57.3kJ/mol.  What  is  the  %  ionization  of  the  weak  acid  in  molar  solution  ? 
(a)  1%  (b)  3.57%  (c)  35.7%  (d)  10% 

31.  Determine  C — C  and  C — H  bond  enthalpy  (in  kJ/mol) 

Given  :  A /H°  (C2H6,  g)  =  -85  kj/mol,  A /H°  (C3He,  g)  =  -104  kJ/mol 
AsubH°  (C,  s)  =  718  kJ/mol,  B.E.  (H— H)  =  436  kJ/mol 

(a)  414,  345  (b)  345,  414  (c)  287,  404.5  (d)  None  of  these 

32.  Consider  the  following  data :  A^H°  (N2H4,  l)  =  50 kJ/mol,  AfH°  (NH3,  g)  =-46 kJ/mol 

B.E.  (N— H)  =  393  kJ/mol  and  B.E.  (H— H)  =  436  kJ/mol, 

Avap  H  (N2H4,  1)  =  18  kj/mol 
The  N — N  bond  energy  in  N2H4  is  : 

(a)  226  kJ/mol  (b)  154  kJ/mol  (c)  190  kJ/mol  (d)  None  of  these 


THERMODYNAMICS 


33.  What  is  the  bond  enthalpy  of  Xe — F  bond? 

XeF4 (g)  - — ►  Xe+  (g)  +  F" (g)  +  F2(g)  +  F(g)  ;  A rH  =  292 kcal/mol 

Given  :  Ionization  energy  of  Xe  =  279  kcal/mol 

B.E.  (F — F)  =  38  kcal/mol,  Electron  affinity  of  F  =  85  kcal/mol 
(a)  24  kcal/mol  (Tj)  34  kcal/mol  (c)  8.5  kcal/mol  (d)  None  of  these 

34.  If  enthalpy  of  hydrogenation  of  C6H6(Z)  into  C6H12(Z)  is  -205  kJ  and  resonance  energy  of 

C6H6(Z)  is  - 152  kJ/  mol  then  enthalpy  of  hydrogenation  of  ^  ^  is 

Assume  AH^p  of  C6H6(Z),  C6H8(Z),C6H12(Z)  all  are  equal  : 

(a)  -535.5  kJ/moi  (b)  -238kJ/mol  (c)  -357  kJ/mol  (d)  -119  kJ/mol 

35.  The  enthalpy  of  combustion  of  propane  (C3H8)  gas  in  terms  of  given  data  is  : 

Bond  energy  (kJ/mol) 


+  *i  +  x2  +  x3  +  *4  *5 

Resonance  energy  of  C02  is  -  z  kJ/mol  and  AHvaporization  [H20(Z)]  is  y  (kJ/mol) 

(a)  8x,  +  2xs  +  5x2  -  6x3  -  8x4  -  4y  -  3z  (b)  6x1  +  x5  +  Sx2  -  3x3  -  4x4  -  4y  -  3z 
(c)  8Xi  +  2xs  +  5x2  -  6x3  -  8x4  -y  -z  (d)  8x3  +  xs  +  Sx2  -  6x3  -  8x4  -  4y  +  3z 

36.  The  efficiency  of  an  ideal  gas  with  adiabatic  exponent '  y'  for  the  shown  cyclic  process  would  be 


(y  -l)(21n  2-1) 
1  +  (y  -l)2ln2 
(21n2  +  l)(y-l) 
(y- 1)2  In  2+  1 


(y-l)(l  — 21n2) 
(y  -1)2  In  2-1 
(2  In  2-1) 

y/(y-i)  • 


37.  Initially  one  mole  of  ideal  gas  ^Cv  =  -Rj  at  1.0  atm  and  300  K  is  put  through  the  following 
cycle  : 


Step-1  :  Heating  to  twice  its  initial  pressure  at  constant  volume. 
Step-II  :  Adiabatic  expansion  to  its  initial  temperature. 


Step-Ill  :  Isothermal  compression  back  to  1.00  atm. 

What  is  the  volume  at  state  X  ? 

(a)  40.4  L  (b)  65.0  L  (c)  139  L  (d)  4.35  L 

38.  What  is  the  enthalpy  of  neutralization  of  HF  against  a  strong  base  ? 

Given  :  H+  (aq)  +  OH”  (aq) - >  H20(T);  ArH°= -56  kJ/mol 

ArH°(HF, aq)  =  -329  kJ/mol ;  ArH°(H20, Z)  =  -285  kJ/mol 
Arff°(F_,aq)  =  -320  kJ/mol 

(a)  -17  kJ/mol  (b)  -38  kJ/mol  (c)  -47  kJ/mol  (d)  -43  kJ/mol 

39.  The  molar  heat  capacities  of  Iodine  vapour  and  solid  are  7.8  and  14  cal/mol  respectively  if 
enthalpy  of  sublimation  of  iodine  is  6096  cal/mole  at  200°C,  then  what  is  A U  (internal  energy 
change)  at  250°C  in  cal/mol 

(a)  5360  (b)  4740  (c)  6406  (d)  None  of  these 

40.  For  the  reaction  takes  place  at  certain  temperature  NH2COONH4(s)  2NH3(g)  +  C02(g). 
If  equilibrium  pressure  is  3X  bar  then  ArG°  would  be 

(a)  -RT  In  9  -  3RT  In  X  (b)  RT  In  4  -  3RT  In  X 

(c)  -3RTln7f  (d)  None  of  these 


The  first  law  of  thermodynamics  for  a  closed  system  is  dU  =  dq  +  dw,  where 
dw=dwpv  +  dwnon.pv .  The  most  kind  of  wnon.pv  is  electrical  work.  As  per  IUPAC 
convention  work  done  on  the  system  is  positive.  _ 

1 .  A  system  generates  50  J  of  electrical  energy,  has  1 50  J  of  pressure-volume  work  done  on  it  by  the 
surroundings  while  releasing  300  J  of  heat  energy.  What  is  the  change  in  the  internal  energy  of 
the  system? 

(a)  -500  •  (b)  -100  (c)  -300  (d)  -200 

2.  A  system  generates  50  J  of  electrical  energy  and  delivers  150  J  of  pressure-volume  work  against 
the  surroundings  while  releasing  300  J  of  heat  energy.  What  is  the  change  in  the  interna!  energy 
of  the  system? 

(a)  -100  (b)  -400  (c)  -300  (d)  -500 

!  PASSAGE  2;W 


If  the  boundary  of  system  moves  by  an  infinitesimal  amount,  the  work  involved  is  given 
by  dw--Pcxt  dV 

for  irreversible  process  w  -  -  Pext  AV  (where  AV  -  Vj  -  V,) 


for  reversible  process  Pen  =  Pim  ±dP  -  Pint 

V, 

so  for  reversible  isothermal  process  w  =  -  nRT  In  — 


2  mole  of  an  ideal  gas  undergoes  isothermal  compression  along  three  different  paths  : 

(i)  reversible  compression  from  Pt  —  2  bar  and  V,  =  8  L  to  P{  =20  bar 

(ii)  a  single  stage  compression  against  a  constant  external  pressure  of  20  bar,  and 

(iii)  a  two  stage  compression  consisting  initially  of  compression  against  a  constant 
external  pressure  of  10  bar  until  Pgas  =  Pexx  >  followed  by  compression  against  a 
constant  pressure  of  20  bar  until  Pgas  -  Pext . 


1.  Work  done  (in  bar-L)  on  the  gas  in  reversible  isothermal  compression  is  : 

(a)  9.212  (b)  36.848  (c)  18.424  (d)  None  of  these 

2.  Work  done  on  the  gas  in  single  stage  compression  is  : 

(a)  36  (b)  72  (c)  144  (d)  None  of  these 

3.  Total  work  done  on  the  gas  in  two  stage  compression  is  : 

(a)  40  (b)  80  (c)  160  (d)  None  of  these 

4.  Order  of  magnitude  of  work  is  : 

(a)  Wj  >  w2  >  w3  (b)  w3  >  w2  >  wfi  (c)  w2  >  w3  >  Wj  (d)  wx  =  w2  =  w3 


PASSAGE  3 

Standard  Gibb’s  energy  of  reaction  (ArG°)  at  a  certain  temperature  can  be  computed  as 
&rG°  =  ArH°-T.ArS0  and  the  change  in  the  value  of  A rH°  and  A rS°  for  a  reaction  with 
temperature  can  be  computed  as  follows  : 

A -  A rH°  =  ArC°  (T2  -T,) 

ArS?2  -ArS“  =ArCp°  In^f  j 
ArG°  =  ArH°  -  T.  ArS° 

and  by  ArG°  =  - RT  In  /Ceq . 

Consider  the  following  reaction  :  CO(g)  +  2H2(g)  ^  CH3OH(g) 

Given:  AfH°  (CH3OH,  g)  =  -201  kJ/mol;  AfH°  (CO,  g)  =  -114kJ/mol 
S°  (CH3OH,  g)  =  240  J/K-mol  ;  S°  (H2,  g)  =  29  JK'1  mol'1 

S°  (CO,  g)  =  198  J/mol-K  ;  C°p  m  (H2)  =  28.8  J/mol-K 

C°P.  (CO)  =  29.4  J/mol-K;  C°R  m  (CH3OH)  =  44  J/mol-K 
^320^ 

and  In  -  =  0.06,  all  data  at  300  K 

V.  300^1 

1.  ArS°  at  300  K  for  the  reaction  is  : 

(a)  152.6  J/K-mol  (b)  181.6  J/K-mol 

2.  ArH°  at  300  K  for  the  reaction  is  : 

(a)  -87  kJ/mol  (b)  87  kJ/mol 

3.  A rS°  at  320  K  is  : 

(a)  155.18  J/mol-K  (b)  150.02  J/mol-K 

4.  ArH°  at  320  K  is  : 

(a)  -288.86  kJ/mol  (b)  -289.1  kJ/mol 

5.  ArG°  at  320  K  is  : 

(a)  -48295.2  kJ/mol  (b)  -240.85  kJ/mol 

PASSAGE  4 

Enthalpy  of  neutralization  is  defined  as  the  enthalpy  change  when  1  mole  of  acid/base  is 
completely  neutralized  by  base/acid  in  dilute  solution. 

For  strong  acid  and  strong  base  neutralization  net  chemical  change  is 

H+ (aq)  +  OH" (aq)  - >  H2O(0;  ArH°  =  - 55.84  kJ/mol 

A^f  ionization  of  aqueous  solution  of  strong  acid  and  strong  base  is  zero. 

When  a  dilute  solution  of  a  weak  acid  or  base  is  neutralized,  the  enthalpy  of  neutralization  is 
some  what  less  because  of  the  absorption  of  heat  in  the  ionization  of  the  weak  acid  or  base, 
for  weak  acid/base 

AW  neutralization  =  AW0i(mjMt|on  +  ArH°  (H+  +  OH  — >  H20) 


(c)  -16  J/K-mol  (d)  None  of  these 

(c)  -315  kJ/mol  (d)  -288  kJ/mol 

(c)  172  J/mol-K  (d)  None  of  these 

(c)  -87.86  kJ/mol  (d)  None  of  these 

(c)  240.85  kJ/mol  (d)  -81.91  kJ/mol 


1.  If  enthalpy  of  neutralization  of  CH3COOH  by  HCl  is  -49.86  kJ/mol  then  enthalpy  of  ionization 
of  CH3COOH  is  : 

(a)  5.98  kJ/mol  (b)  -5.98  kJ/mol  (c)  105.7  kJ/mol  (d)  None  of  these 

2.  What  is  A H°  for  complete  neutralization  of  strong  diacidic  base  A(OH)2  by  HN03? 

(a)  -55.84  kJ  (b)  -111.68  kJ  (c)  55.84  kJ/mol  (d)  None  of  these 

3.  Under  the  same  conditions  how  many  mL  of  0.1  M  NaOH  and  0.05  M  H2A  (strong  diprotic 
acid)  solution  should  be  mixed  for  a  total  volume  of  100  mL  produce  the  highest  rise  in 
temperature  : 

(a)  25  :  75  (b)  50  :  50  (c)  75  :  25  (d)  66.66  :  33.33 


Gibbs  Helmholtz  equation  relates  the  enthalpy,  entropy  and  free  energy  change  of  the  process 
at  constant  pressure  and  temperature  as 
AG  =  AH  -TAS  (at  constant  R  T) 

In  General  the  magnitude  of  AH  does  not  change  much  with  the  change  in  temperature  but  the 
term  TAS  changes  appreciably.  Hence  in  some  process  spontaneity  is  very  much  dependent  on 
temperature  and  such  processes  are  generally  known  as  entropy  driven  process. 


1.  For  the  reaction  at  298  K;  A2B4 - >  2 AB2 

AH  =  2kJ  and  AS  =  20J/K  at  constant  P  and  T,  the  reaction  will  be 

(a)  spontaneous  and  entropy  driven  (b)  Spontaneous  and  enthalpy  driven 

(c)  Non  spontaneous  (d)  At  equilibrium 

2.  When  CaC03  is  heated  to  a  high  temperature  it  decomposes  into  CaO  and  C02,  However  it  is 
quite  stable  at  room  temperature.  It  can  be  explained  by  the  fact  that 

(a)  A Hr  dominates  the  terms  TAS  at  high  temperature 

(b)  The  term  TAS  dominates  the  A Hr  at  high  temperature 

(c)  At  high  temperature  both  ASr  and  A Hr  becomes  negative 

(d)  Thermodynamics  can  not  say  anything  about  spontaneity 

3.  The  Dissolution  of  CaCl2  6H20  in  a  large  volume  of  water  is  endothermic  to  the  extent  of 
aSKcalmol-1  and  AH  for  the  reaction  is  -23.2kcal  mol-1. 

CaCl2(s)  +  6H2O(0 - ►  CaCl2  •  6H20(s) 

Select  the  correct  statement 

(a)  AH  Soiution  for  anhydrous  CaCl2  is  -19.7  kcal/mol  and  the  process  is  enthalpy  driven 

(b)  AH  solution  for  anhydrous  CaCl2  is  -19.7  kcal/mol  and  the  process  is  entropy  driven 

(c)  Dissolution  of  CaCl2  •  6H20  in  water  is  enthalpy  driven  process 

(d)  The  ArS  the  reaction  CaCl2(s)  +  6H20(Z) - >  CaCl2  •  6H20(s)  is  negative 


PROBLEMS  IN  CHEMISTRY 


ONE  OR  MORE  ANSWERS  IS/ARE  CORRECT 


1.  Identify  the  intensive  quantities  from  the  following  : 

(a)  Enthalpy  (b)  Temperature  (c)  Pressure  (d)  Mass 

2.  Identify  the  extensive  quantities  from  the  following  : 

(a)  Gibb’s  energy  (b)  Entropy  (c)  Refractive  index  (d)  Specific  heat 

3.  Identify  the  state  functions  from  the  following  :  , 

(a)  Heat  (b)  Work  (c)  Enthalpy  (d)  Enthalpy  change 

4.  Which  of  the  following  statements  is/are  correct  as  per  IUPAC  sign  convention? 

(a)  The  work  done  by  the  system  on  the  surrounding  is  negative 

(b)  The  work  done  by  the  surrounding  on  the  system  is  positive 

(c)  The  heat  absorbed  by  the  system  from  the  surrounding  is  positive 

(d)  The  heat  absorbed  by  the  surrounding  from  the  system  is  positive 

5.  In  an  isothermal  irreversible  expansion  of  an  ideal  gas  as  per  IUPAC  sign  convention  : 

(a)  AU  =  0  (b)  AH  =  0  (c)  w  =-nRT  In  —  (d)  w  =  -q 

Pz 

6.  In  reversible  isothermal  ideal  gas  expansion  : 

(a)  w  =  0  (b)  t/j  =U2  (c)  H1  =H2  (d)  q  =  nRT  In  — 

7.  An  adiabatic  process  is  that  process  in  which  : 

(a)  energy  is  transferred  as  heat 

(b)  no  energy  is  transfer  as  heat 

(c)  AU  =  w 

(d)  the  temp,  of  gas  increases  in  a  reversible  adiabatic  compression 

8.  In  adiabatic  process,  the  work  involved  during  expansion  or  compression  of  an  ideal  gas  is 
given  by  : 

(a)  nCvAT  (b)  (I2  -Tj) 

Y  ~  1 

(c)  -nRPext  {d)  -2.303  RT  log  ^ 

J  V, 

9.  One  mole  of  an  ideal  gas  is  subjected  to  a  two  step  reversible  process  t~ 

( A — B  and  B — C).  The  pressure  at  A  and  C  is  same.  Mark  the  correct  i 
statement(s)  : 

(a)  Work  involved  in  the  path  AB  is  zero  ifi 

(b)  In  the  path  AB  work  will  be  done  on  the  gas  by  the  surrounding 

(c)  Volume  of  gas  at  C  =  3  x  volume  of  gas  at  A  1 

(d)  Volume  of  gas  at  B  is  16.42  litres 


T(K) 


10.  Assume  ideal  gas  behaviour  for  all  the  gases  considered  and  neglect  vibrational  degrees  of 
freedom.  Separate  equimolar  samples  of  Ne,  02,C02  and  S02  were  subjected  to  a  two  process 
as  mentioned.  Initially  all  are  at  same  state  of  temperature  and  pressure. 


Step  I - >  All  undergo  reversible  adiabatic  expansion  to  attain  same  final  volume,  which  is 

double  the  original  volume  thereby  causing  the  decreases  in  their  temperature. 

Step  II - After  step  I  all  are  given  appropriate  amount  of  heat  isochorically  to  restore  the 

original  temperature. 

Mark  the  correct  option(s)  : 

(a)  Due  to  step  I  only,  the  decrease  in  temperature  will  be  maximum  for  Ne 

(b)  During  step  II,  heat  given  will  be  minimum  for  S02 

(c)  There  will  be  no  change  in  internal  energy  for  any  of  the  gas  after  both  the  steps  of  process 
are  competed 

(d)  The  P-V  graph  of  02  and  C02  will  be  same 

11.  Which  of  the  following  is/are  correct? 

(a)  AH  =  A U  +  A  ( PV )  when  P  and  V  both  changes 

(b)  AH  =  At/  +  PAV  when  pressure  is  constant 

(c)  AH  =  AD  +  VAP  when  volume  is  constant 

(d)  AH  =  AU  +  PAV  +  VAP  when  P  and  V  both  changes 

12.  AH  <  A E  for  the  reaction(s)  : 

(a)  N2(g)  +  3H2(g)  - >  2NH 3(g)  (b)  Ag20(s)  - ►  2Ag(s)  +  A  02(g) 

(c)  CO(g)+  i02(g)  - >  C02(g)  (d)  C(s)  +  02(g)  - >  C02(g) 

13.  Which  of  the  following  conditions  may  lead  to  a  non-spontaneous  change? 

(a)  AH  and  AS  both  +  ve  (b)  AH  =  -  ve;  AS  =  +  ve 

(c)  AH  =  +  ve;  AS  =  -  ve  (d)  AH  =  -  ve;  AS  =  -  ve 

14.  For  a  process  to  be  spontaneous  : 

(a)  (AGSyStem)^  p  —0  (b)  ASSyStem  +  ASsurroun(jjng  >  0 

(c)  ASSyStem  +  ASsurroimding  <0  (d)  (AG^^^ )  j ,p  <0 

15.  The  normal  boiling  point  of  a  liquid  is  400  K.  Which  of  the  following  statement  is  true  about 

the  process  X(t)  - >  X(g)? 

(a)  at  400  K  and  1  atm  pressure  AG  -  0  (b)  at  400  K  and  2  atm  pressure  AG  =  +  ve 

(c)  at  400  K  and  0.1  atm  pressure  AG  =  -  ve  (d)  at  410  K  and  1  atm  pressure  AG  =  +  ve 

16.  When  ice  melts  at  1°C  : 

(a)  an  increase  in  entropy  (b)  a  decrease  in  enthelpy 

(c)  a  decrease  in  free  energy  (d)  process  is  spontaneous 

17.  The  value  of  A Htransition  of  C  (graphite) - >  C  (diamond)  is  1.9  kJ/mol  at  25°C  entropy  of 

graphite  is  higher  than  entropy  of  diamond.  This  implies  that  : 

(a)  C  (diamond)  is  more  thermodynamically  stable  than  C  (graphite)  at  25°C 

(b)  C  (graphite)  is  more  thermodynamically  stable  than  C  (diamond)  at  25°C 

(c)  diamond  will  provide  more  heat  on  complete  combustion  at  25°C 

(d)  A of  C  (diamond) - >  C  (graphite)  is  -ve 

18.  Which  of  the  following  statement(s)  is/are  false? 

(a)  All  adiabatic  processes  are  isoentropic  (or  isentropic)  processes 

(b)  When  (AGsystem)T >p  <  0;  the  reaction  must  be  exothermic 
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(c)  dG  =  VdP  ~  SdT  is  applicable  for  closed  system,  both  PV  and  non-PV  work 

(d)  The  heat  of  vaporisation  of  water  at  100°C  is  40.6  kJ/mol.  When  9  gm  of  water  vapour 
condenses  to  liquid  at  100°C  of  1  atm,  then  &S^sxem  -  54.42  J/K 

19.  Which  of  the  following  statement(s)  is/are  true? 

(a)  AE  =  0  for  combustion  of  C2H6(g)  in  a  sealed  rigid  adiabatic  container 

(b)  A jH°  (S,  monoclinic)  *  0 

(c)  If  dissociation  energy  of  CH4  (g)  is  1656  kJ/mol  and  C2H6(g)  is  2812  kJ/mol,  then  value 
of  C — C  bond  energy  will  be  328  kJ/mol 

(d)  If  AH f  (H20,  g)  =  -  242  kJ/mol;  A (H20,  i)  =  44  kJ/mol 
then,  AfH°  (OH-,  aq. )  will  be  -142  kJ/mol 

20.  From  the  following  data,  mark  the  option  (s)  where  AH  is  correcdy  written  for  the  given  reaction. 

Given:  H+  (aq)  +  OH- (aq)  - »  H20(I);  AH  =  -57.3  kJ 

^solution  of  HA(g)  =  -70.7  kJ/mol 
Absotution  of  BOH(g)  =  20  kJ/mol 
AbioniZJltion  of  HA  =15  kJ/mol  and  BOH  is  a  strong  base. 

Reaction  A Hr  (kJ/mol) 

(a)  HA(aq)  +  BOH(aq)  - *BA(aq)  +  H20  -42.3 

(b)  HA(g)  +  BOH(g)  - »  BA(aq)  +  H20  -93 

(c)  HA(g)  - »  H+(aq)  +  A“(aq)  -55.7 

(d)  B+(aq)  + OH- (aq)  - ^BOH(aq)  -20 

21.  Select  correct  statement(s) 

(a)  An  adiabatic  system  can  exchange  energy  with  its  surroundings. 

(b)  A  thermodynamic  property  which  is  intensive  is  additive. 

(c)  Work  done  may  be  zero  in  a  cyclic  process. 

(d)  For  a  simple  compressible  substance,  the  relation  dq - P.dv  =  0  is  true  for  any  cycle 
involving  mechanical  work  only. 

22.  For  an  isolated  system,  the  entropy  : 

(a)  Either  increases  or  remains  constant  (b)  Either  decreases  or  remains  constant 
(c)  Can  never  decrease  (d)  Can  never  increase 

23.  The  normal  boiling  point  of  a  liquid  X  is  400  K.  AHvap  at  normal  boiling  point  is  40  kJ/mol. 
Select  correct  statement(s)  : 

(a)  ASvaponsation  <100  J/mol.K  at  400  K  and  2  atm 

(b)  ASVaporisa(ion  <  10  J/mol.K  at  400  K  and  1  atm 

(c)  AGVaporisaIion  <  0  at  410  K  and  1  atm 

(d)  A V  =  43.32  kJ/mol.K  at  400  K  and  1  atm 

24.  Select  incorrect  statement(s) 

(a)  A  closed  system  with  all  adiabatic  boundaries  must  be  an  isolated  system 

(b)  Total  heat  exchange  in  a  cyclic  process  may  be  zero 

(c)  Entropy  of  a  closed  system  is  maximum  at  equilibrium 

(d)  Molar  Gibb’s  Energy  is  an  extensive  property 
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25.  Select  correct  statement(s)  for  the  reaction  H20(g)  +  C0(g) - >  H2(g)  +  C02(g) 

Substance  CO(g)  CO,(e)  H,Offi)  H,(c) 


J  mol-1 ' 

l-lu-l-Y 


CO(g) 

C02(g) 

H20(g) 

H2(g) 

-25 

-95 

-55 

0 

45 

50 

40 

30 

(a)  Reaction  is  enthalpy  driven 
(c)  Reaction  is  spontaneous  at  400  K 


(b)  Reaction  is  entropy  driven 

(d)  Reaction  is  non-spontaneous  at  400  K 


MATCH  THE  COLUMN 

Column-I  and  Column-II  contains  four  entries  each.  Entries  of  Column-1  are  to  be’ 
matched  with  some  entries  of  column-II.  One  or  more  than  one  entries  of  Column-I  may 
have  the  matching  with  the  same  entries  of  Column-II. 


Column-I 


Column-U 


(A)  Reversible  cooling  of  an  ideal  gas  at  (P)  w  =  0;  q  <  0;  At/  <  0 
constant  volume 

(B)  Reversible  isothermal  expansion  of  an  (Q)  w  <  0;  q  >  0;  Al/  >  0 

ideal  gas 

(C)  Adiabatic  expansion  of  non-ideal  gas  (R)  w  =  0;  q  =  0;  AU  -  0 
into  vacuum 

(D)  Reversible  melting  of  sulphur  at  nor-  (S)  w  <  0;  q  >  0;  ALT  =  0 
mal  melting  point 


2.  |  Column-I 

CA)  Adiabatic  process 

(B)  Isothermal  process 

(C)  Isoenthalpic  process 

(D)  Isoentropic  process 

3.  i  Column-I 


Column-II 


(P)  <?=0 

(Q)  AH  =  0 

(R)  AT  =  0 

(S)  AS  =  0 


Column-II 


(A)  Reversible  isothermal  expansion  of  an  rm  „  ,  V7 

.,  ,  r  W  w  =  -2.303  nRT  log  -— 

ideal  gas  e  ^ 

(B)  Reversible  adiabatic  compression  of  an  (Q)  PV'1  =  constant 
ideal  gas 

(C)  Irreversible  adiabatic  expansion  of  an  (R)  w  rj  -T  ) 

ideal  gas  (y  - 1)  2  1 

(D)  Irreversible  isodiermal  compression  of  (S)  AH  =0 
an  ideal  gas 


m 

4.  Column-I 

(A)  PCI 5(g)  **  PCl3(g)  +  Cl2(g) 
in  a  closed  system 

(B)  2HICg)  ^  H2(g)+I2(g) 
in  a  closed  system 

(C)  N2(g)  +  3H2(g)  ^2NH3(g) 
in  a  dosed  system 

(D) CO(g)+ >02(g)^  C02(g) 
in  an  isolated  system 


5.  Column-I  (Process) 

(A)  Reversible  isothermal  compression  of 
an  ideal  gas 

(B)  Isothermal  free  expansion  (Pexl  =0)of 
an  ideal  gas 

(C)  Reversible  adiabatic  expansion  of  an 
ideal  gas 

(D)  Reversible  ideal  gas  expansion 


6.  Column-I  (Process) 

(A)  Reversible  isothermal  ideal  gas  expan¬ 
sion 

(B)  Reversible  adiabatic  ideal  gas  com¬ 
pression 

(C)  Adiabatic  free  expansion  (Pexl  =  0)  of 
an  ideal  gas 

(D)  Irreversible  isothermal  ideal  gas  com¬ 
pression 

7.  Column-I 

(A)  (AG5ystem)Tij  =0 

(B)  &Ssyitem  +  AS  surround^  >  0 

(C)  ASSySttni  +  <  0 

(D)  )T  p  >0 


'  Column-U 

(P)  AH  <  hU 

(Q)  AH  ~AU  *0 

(R)  AH  >  A17 

(S)  AI7  =  0 

J  Column-II 

|  (Entropy  Change) 

i 

(P)  ASsystem  >  0 

CQ)  <o 

(R)  ASsyj|em  =  0 

(S)  Information  insufficient 

!  Column-II 

!  (Entropy  change) 

(P)  ASsurroun(jjng  —  0 

(Q)  <  0 

(R)  ASsurioundjng  >  0 

(S)  45^=0 

Column-II 

(P)  Process  is  in  equilibrium 

(Q)  Process  is  nonspontaneous 

(R)  Process  is  spontaneous 

(S)  System  is  unable  to  do  useful  work 


Column-I 

(A)  (AGsys^ij-  p 

(B)  Work  done  in  reversible  isothermal 
ideal  gas  expansion 


Column-11 


(P)  nR  In  J 

(Q)  nRT  In  f  ^ 

U 


(C)  AG  for  reversible  isothermal  expan-  (R)  -nFE 
sion  of  an  ideal  gas 

(D)  ASgas  for  isothermal 

expansion  of  an  ideal  gas  n 


Column-I 


Column-11 


(A)  Heating  of  an  ideal  gas  at  constant  (P)  A H  =  nCp  m  AT  *  0 
pressure 

(B)  Compression  of  liquid  at  constant  (Q)  AL7  =  0 
temperature 

(C)  Reversible  process  for  an  ideal  gas  (R)  AG  =  V  AP 
at  constant  temperature 

(D)  Adiabatic  free  expansion  of  an  ...  „„  ,  ( P0 

ideal  gas  CS)  AG  -  i*T  In  U  • 


Column-I 

(Sign  of  A H  and  AS  respectively) 

(A) 

(B)  -  &  + 

(C)  +  &  + 

(D)  +  &  - 


Column-U 

(Nature  of  reaction) 

(P)  Spontaneous  only  at  low  temperature 

(Q)  Spontaneous  only  at  high  temperature 

(R)  Spontaneous  at  all  temperature 

(S)  Non-spontaneous  at  all  temperature 


Column-I 

(A)  Reversible  adiabatic  compression 

(B)  Reversible  vaporisation  of  liquid 

(C)  2N(g)  ->  N2(g) 

(D)  MgC03(s)  4  MgO(s)  +  C02(g) 


Column-Il 


(P)  ^system  >  0 
CQ)  ASsystcm  <  0 

(R)  AS  surrounding  <  0 
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ASSERTION-REASON  TYPE  QUESTIONS 

Each  question  contains  STATEMENT- 1  (Assertion)  and  STATEMENT-2  (Reason).  ' 

Examine  the  statements  carefully  and  mark  the  correct  answer  according  to  the  instructions 
given  below  : 

(A)  If  both  the  statements  are  TRUE  and  STATEMENT-2  is  the  correct  explanation  of 
STATEMENT- 1 

(B)  If  both  the  statements  are  TRUE  but  STATEMENT-2  is  NOT  the  correct  explanation  of 
STATEMENT- 1 

(C)  If  STATEMENT-1  is  TRUE  and  STATEMENT-2  is  FALSE 

(D)  If  STATEMENT- 1  is  FALSE  and  STATEMENT-2  is  TRUE 

1.  STATEMENT-1  :  Heat  and  work  are  “definite  quantities”. 

STATEMENT-2  :  Heat  and  work  are  not  properties  of  a  system  their  values  depend  on  the 
path  of  the  process  and  vary  accordingly. 

2.  STATEMENT-1  :  There  is  no  change  in  internal  energy  for  an  ideal  gas  at  constant 

temperature. 

STATEMENT-2  :  Internal  energy  of  an  ideal  gas  is  a  function  of  temperature  only. 

'3.  STATEMENT-1  :  The  heat  absorbed  during  the  isothermal  expansion  of  an  ideal  gas  against 

vacuum  is  zero. 

STATEMENT-2  :  The  volume  occupied  by  the  molecules  of  an  ideal  gas  is  zero. 

4.  STATEMENT-1  :  AH  and  A E  are  the  same  for  the  reaction,  N2(g)  +  O 2(g)  ^  2NO(g), 
STATEMENT-2  :  All  reactants  and  products  are  gases  where  all  gases  are  ideal. 

5.  STATEMENT-1  :  The  magnitude  of  the  work  involved  in  an  isothermal  expansion  is  greater 

than  that  involved  in  an  adiabatic  expansion. 

STATEMENT-2  :  P-V  curve  (P  on  y-axis  and  V  on  x-axis)  decrease  more  rapidly  for 
reversible  adiabatic  expansion  compared  to  reversible  isothermal 
expansion  starting  from  same  initial  state. 

6.  STATEMENT-1  :  Entropy  change  in  reversible  adiabatic  expansion  of  an  ideal  gas  is  zero. 
STATEMENT-2  :  The  increase  in  entropy  due  to  volume  increase  just  componsate  the 

decrease  in  entropy  due  to  fall  in  temperature. 

7.  STATEMENT-1  :  There  cannot  be  chemical  equilibrium  in  an  open  system. 
STATEMENT-2  :  There  is  no  fixed  mass  in  an  open  system. 

8.  STATEMENT- 1  :  The  standard  free  energy  changes  of  all  spontaneously  occuring  reactions 

are  negative. 

STATEMENT-2  :  The  standard  free  energies  of  the  elements  in  their  standard  states  at  1  bar 
and  298  K  are  taken  as  zero. 

9.  STATEMENT-1  :  Enthalpy  and  entropy  of  any  elementary  substance  in  the  standard  states 

are  taken  as  zero.  x 


STATEMENT-2  : 

10.  STATEMENT-1  : 

.  STATEMENT-2  : 

11.  STATEMENT-1  : 

STATEMENT-2  : 

12.  STATEMENT-1  : 

STATEMENT-2  : 

13.  STATEMENT-1  : 
STATEMENT-2  : 

14.  STATEMENT- 1  : 
STATEMENT-2  : 

15.  STATEMENT-1  : 
STATEMENT-2  : 

16.  STATEMENT-1  : 

STATEMENT-2  : 

17.  STATEMENT- 1  : 
STATEMENT-2  : 

18.  STATEMENT-1  : 

‘  STATEMENT-2  : 


At  absolute  zero,  particles  of  the  perfectly  crystalline  substance  become 
completely  motionless. 

A  reaction  which  is  spontaneous  and  accompanied  by  decrease  of 
randomness  must  be  exothermic. 

All  exothermic  reactions  are  accompanied  by  decrease  of  randomness. 
Many  endothermic  reactions  that  are  not  spontaneous  at  room 
temperatures  become  spontaneous  at  high  temperature. 

AH0  of  the  endothermic  reaction  increases  with  increase  in  temperature. 
Decrease  of  free  energy  during  the  process  under  constant  temperature 
and  pressure  provides  a  measure  of  its  spontaneity. 

A  spontaneous  change  must  have  +ve  sign  of  AS^cm- 
| *fH\ of  (H20,  0  >  | AfH |  of  (H20,  g) 

^^condensation  **  negative. 

All  combustion  reactions  are  exothermic. 

Enthalpies  of  products  are  greater  than  enthalpies  of  reactants 
(Iv//H(P)>ZvrA/H(R)) 

Enthalpy  of  neutralization  of  CH3COOH  by  NaOH  is  less  than  that  of  HC1 
by  NaOH. 

Enthalpy  of  neutralization  ofCH3COOH  is  less  because  of  the  absorption 
of  heat  in  the  ionization  process. 

Internal  energy  of  a  real  gas  may  change  during  expansion  at  constant 
temperature. 

Internal  energy  of  a  real  gas  is  a  function  of  temperature  and  volume. 
Work  is  a  state  function  which  is  expressed  in  joule. 

Work  appears  only'  at  the  boundary  of  the  system. 

The  expansion  of  a  gas  into  an  evacuated  space  takes  place 
non-spontaneously. 

A  process  in  which  all  steps  cannot  be  retraced  by  themselves  is  called  a 
spontaneous  ^process. 
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l. 


2. 


A  perfect  gas  undergoes  a  reversible  adiabatic 
(90  K,  10  atm).  Find  the  atomicity  of  gas. 

5  mole  of  an  ideal  gas  at  temp.  T  are  compressed 
Calculate  the  value  of  lOr 
wjiere  _  Work  done  along  reversible  process 
Work  done  along  single  step 
irreversible  process 


expansion  from  (300  K,  200  atm)  to 
isothermally  from  12  atm.  to  24  aim. 


(Given  :  In  2  =  0.7) 


3.  A  diatomic  ideal  gas  is  expanded  according  to  PV 3  =  constant,  under  very  high  temperature 
(Assume  vibration  mode  active).  Calculate  the  molar  heat  capacity  of  gas  (in  cal  /  mol  K)  in 
this  process. 


A  heat  engine  is  operating  between  500  K  to  300 K  and  it  absorbs  10  kcal  of  heat  from  500  K 
reservoir  reversibly  per  cycle.  Calculate  the  work  done  (in  kcal)  per  cycle. 

In  a  camot  cycle  involving  ideal  non-linear  triatomic  gas,  if  during  adiabatic  expansion  volume 
increases  from  2L  to  16L  and  heat  absorbed  during  isothermal  expansion  is  8  kcal,  then 
calculate  magnitude  of  work  done  by  camot  engine  (in  kcal). 

Molar  heat  capacities  at  constant  pressure  for  A,  B  and  C  are  3, 1.5  and  2  J/K  mol.  The  enthalpy 

of  reaction  and  entropy  of  reaction,  A  +  2 B - >  3 C  are  20kJ/mol  and  20J/K  mol  at  300 K. 

Calculate  AG  (in  kJ  /  mol)  for  the  reaction  , 

-A  +  B - »-C 

2  2 

Standard  molar  enthalpy  of  combustion  of  glucose  is  -2880  kJ.  If  only  25%  of  energy  is 
available  for  muscular  work  and  1.0km  walk  consumes  90 kJ  of  energy,  what  maximum 
distance  (in  km)  a  person  can  walk  after  eating  90  g  of  glucose. 

Given  C2H2(g)  +  H2(g) - > C2H4 (g):  A H°=  -175kJ mol-1 

AH;(C2H4,g)  =50kJmor1;  AH}(„2o>0  =  -280kJmol_1;  AH;(C02g)  =-390kJmor1 

AH° 

If  AH°is  enthalpy  of  combustion  (in  kJ  mol-1 )  of  C2H2(g),  then  calculate  the  value  of 

9.  The  integral  enthalpies  of  solution  of  anhydrous  CuS04  (s)  and  hydrated  CuS04-  5H20(s)  are 
-70  kJ  and  lOkJ  per  mol  respectively.  Determine  the  magnitude  of  enthalpy  of  hydration  of  0.1 
mole  anhydrous  CuS04  (s)  as 
CuS04  (s)  +  5H20  (0 - ►  CuS04  •  5H20(s) 

10.  If  enthalpy  of  neutralisation  of  HCl  by  NaOH  is —57  kJ  mol  1  and  with  NH4OH  is  —  50kJmol  . 
Calculate  enthalpy  of  ionisation  of  NH4OH(aq). 

11.  Lattice  energy  of  NaCl(s)  is  — 790 kJ  mol-1  and  enthalpy  of  hydration  is  — 785kJmol  . 
Calculate  enthalpy  of  solution  of  NaCl(s). 

12.  x  g  sample  of  NH4N03  is  decomposed  in  a  Bomb  calorimeter.  The  temperature  of  calorimeter 
increase  by  4°C.  The  heat  capacity  of  the  system  is  1.25kJ/°C.  Calculate  the  value  of  x. 
Given  molar  heat  of  decomposition  of  NH4N03  is  400 kJ  mol  1. 

13.  A  heat  engine  operating  between  227°C  and  77°C  absorbs  10  kcal  of  heat  from  the  227°C 
reservoir  reversibly  per  cycle.  Calculate  total  work  done  (in  kcal)  in  two  cycles. 

14.  Calculate  work  done  in  chemical  reaction  (in  kcal) 

A(s)  +  3 B(g) - >C(l)  at  227°C  at  1  atm  in  closed  vessel. 

15.  One  mole  ideal  monoatomic  gas  is  heated  according  to  path  AB  and 
AC. 

If  temperature  of  state  B  and  state  C  are  equal. 

Calculate  10. 

Qab 


4. 

5. 

6. 

7. 

8. 


kaoatl  1 1 
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One  or  More  Answers  is/are  Correct 


1.  (b,c) 

2. 

(a,b) 

6.  (b,c,d) 

7. 

(b,c,d) 

11.  (a,b,c) 

12.  (a,c) 

16.  (a,c,d) 

17. 

(b.c.d) 

21.  (a,c,d) 

22. 

(a,c) 

Match  the  Column 

1*  A  4  P; 

B  — >  S; 

C  -»R; 

2.  A  ->  P; 

B  — ►  Rj 

C-»Q; 

3.  A  P,  S; 

B  — 4  Q,  R; 

C  -4  R; 

4.  A  R; 

B  ->  Q; 

C  ->P; 

5.  A  -4  Q; 

B  ->  P; 

C  R; 

6.  A  — >  Q; 

B  -4  P,  S; 

C-»P; 

7.  A  -4  P,  S; 

B  — ►  R; 

C  -4  Q,S; 

8.  A  — ►  Rj 

B-4Q; 

C  — 

9.  A  -)•  P; 

B  ->  R; 

C-»Q,  S; 

10.  A  ->  P; 

B  -4  R; 

C->Q; 

11.  A  -»S; 

B  -»  P,  R;  C  -►  Q; 

3.  (c)  4.  (a,b,c)  5.  (a,b,d) 

8.  (a,b,c)  9.  (c,d)  10.  (a,c,d) 

13.  (a.c.d)  14.  (b,d)  IS.  (a,b,c) 

18.  (a,b,c,d)  19.  (a.b.c)  20.  (a.b.c) 

23.  (a,c)  24.  (a,c,d)  25.  (a,c) 


D  ->  Q 
D  -»  S 
D  ->  S 
D  S 
D-4S 
D  -►  R 
D  ->Q,S 
D  -4  P,  S 
D-4Q.S 
D  -4  S 
D-»P,  R 


12.  A  P,  R;  B  ->  Q;  C  ->  P,  R;  D  ->  Q,  S 

13.  A  ->  Q;  B  -4  P;  C  -»  R;  D  S 

14.  A  ->  P,  Q;  B  -*  Q,R,  S;  C  ->  P;  D  ->  R 

15.  A  ->  S;  B  -»  R;  C  -►  P;  D  ->  Q 


Assertion-Reason  Type  Questions 

1.  (D)  2.  (A)  3.  (B)  4.  (B)  5.  (A)  6.  (A)  7.  (A)  8.  (B)  9.  (0)  10.  (C) 

11.  (B)  12.  (C)  13.  (A)  14.  (C)  15.  (A)  16.  (A)  17.  (D)  18.  (D) 


Subjective  Problems 


Hints  and  Solutions 


Level  1 

5.  (a)  Heat  lost  by  iron  +  Heat  gained  by  water  =  0 
10  x  0.45  (T  -  373)  +  25  x  4.2  x  (T  -  300)  =  0 
T  =  303  K  or  30°C 

9.  (d)  w  =  -  Pca .  AV  =  -A ngRT  and  A ng  is  -ve  for  I 
and  III 

also  AV  =  -  ve  for  IV 

12.  (b)  AU  =  q  +  tv 

=  10  xlOOO  -  2x(20)  x  101.3=  5948  J 
16.  (b)  w  =  -P.AV  =  -nHj 

2x8.314x298 

1000 

=  - 4.955  kJ 
18.  (a)  jdw  =  - Jp.  dV 

=>  W[ev  =  -j6  ,V2dV 


=_6h£_if 

3  3 


bar.  m3 


w  =  -  5200  kJ 

so,  work  done  by  the  gas  is  5200  kJ. 

20.  (c)  For  cyclic  process  :  dU  =  0 

-w  =  q 

Net  work  done  by  system = Area  of  the  circle 

21.  (c)  Process  direction  in  V-P  diagram  is 

clockwise  so  process  direction  in  P-V 
diagram  is  anti-clockwise. 

Net  work  done  by  system  =  Area  of  the  circle 

n]  OWi)  (V2-Vi) 

2  2 

22.  (c)  Work  done  in  the  cyclic  process 

=  Area  bounded  (ABC4)  -  SPjVj 

_  ,  x  „  nRT  100x0.0821x7  _ 

3i.  (,)  v„_. - — - r 


log  V  =  log  7 
32.  (c)  Jdw  =  J-P.dV 


w  =  -j20.f  =  -20ln£ 


w  =  -  46.06  L-atm  =  -  4665.8  J 
A17  =  q  +  w  400  -  q  -  4665.8 
q  =  5065.8  J 

D 

34.  (b)  w  -  -  nR7  In  — 

(  P2 

=  -10  x  8.314  x  300  In  — 

1 

=  - 57441.42  J 
w  =  -  mgh 

m  x  9.81  x  100  =  57441.42 
m  ~  58.55  kg 

35.  (c)  At  constant  volume  AU  -  qv  =  nC^  A7 

at  constant  pressure  AH  -  qp  =  nCAm  A7 

36.  (a)  A U  =  w  • 

=>  -75  =  0.1  x  |  x  2[T2  -  500] 

T2  =  250  K 

r  r 

38.  (a)  T,~r.P  =  constant  or  P  xTr~: 

P  oc T3 

y-f 

Y  - 1  2 

39.  (b)  7  oc  ;  7V^1/2  =  constant 

vV 

For  adiabatic  process, 

TV7-1  =  constant 

i  1  3 

40.  (b)PVlr=  constant,  P  -y  VT_1-dV  +  V  -dP  =  0 

dP  dV 
P  ~  Y'  V 

41.  (b)  PV  =  constant  for  isothermal  process 

PV1  =  constant  for  adiabatic  process  so  more 
value  of  y,  more  decrease  in  pressure. 


PROBLEMS  IN  CHEMISTRY 


42.  (c)  T.  V*  1  =  constant 


T2  =  300  x|  —  3 

12  J 

=1200 K 


43.  (b)  J  dw  =  -  J  P^  dV 


,virr  —  P«xt 


nRT  nRT 


wlrr  =-l  x(5x  8.314  x  300)  x  1--L 


1  -  — 

10J 


win.  =  -11.224  kj 

44,  (b)  For  an  adiabatic  irreversible  compression, 
A  U  =  w 

•  •  m  (T2-7'1)  =  -Pm  (V2  -  V, ) 


nC„mU'2-Ti)  =  -P1 


-R<T2-:T,)  =  -P2xR 


=>  P2  =  275  kPa 

46.  (c)  v  q  =  0  A U  =w 


here  Pcxx  =  P2 
nRT2  nRT} ' 

Pi  _ 

ftfe-Hl 
[P2  P.J 


„r  rr  t  \  a  T  nRTi  nRT, 

nCy.mVl-TO^-Pw 
c,.[TJ-r,j  =  P„.R[a-|] 

I R  [T2  -  300]  =  2  X  R  j^22  _  Ilj 


■■  =PaaR\ 


T,  =  248.5  K 


47.  (a)  AH  =  tv 


n  y  R  rr  _T)-_p  nRT 2  nRTj 


3Cr2-r.)=-i 


(Ti-L. 

1 1  2. 


^2  -  3Ti  =  -T2  +  ~ 


7T ,  7x400 


r,  =  iii  = 


=  350  K 


P,V,  P2v2  2x10  lxV,  w 

-=H-  =  - -  - - i=>  V,  =  17.5L 


48.  (b)  Average  Cv  m  =  n.’C^  +  n^.m2 

ni  +  n2 

2x-ft  +  2x-R 

= - 2 - 2— =  2  ft 

2+  2 

49.  (c)  AH.  =  (n,CB  ^  +  n2C A  mj )  AT 

=  ^0.5x^ft  +  0.5  x4ftj  (-100) 

=  -375R 

51.  (a)  1  watt  =  1  J/sec 

Total  heat  supplied  for  36  mL  H20 
=  806  x  100 
=  80600  J 
AU  80600  1Q 
AHvbp=— 36~*18 

=  40300  J  or  40.3  kJ/mol 
53.  (d)  A ng  -  0  .-.  A H°  =  A U° 

For  2  mole  A H°  =  -370  kJ 

55.  (b)  At  constant  pressure,  AH  =  A U  +  P  A V 

=  30  +  2  x  4 
s  =38  atni-L 

56.  (b)  AH  =  AH  +.  P  AV 

1520 

=>  -124  =  AH  +  x  077  -  377) 

760 

xlO*3  x  101.3 

AH  =  -83.48  J 

57.  (b)  At  constant  volume  A H  =  AU  +  VAP 

=>  -560  =  AL/  +  10  x  (-30)  x  0.1 
At/  =  -  530  kJ 

58.  (b)  When  both  P  and  V  are  changing 

AH  =  AL/  4-’  A  (PV) 

-AH  +  fP^-P^) 

AH  =  40  +  (20  -  3) 

=  57  L-atm 

59.  (b)  For  1  mole  of  combustion  of  benzene 

An^  =  -1.5 
AH=AU  +  AngRT 

_ .  QO~,  A,r  1.5x8.314x300 

1000 

=>  AH=- 3267.25  kJ 
For  1.5  mole  of  combustion  of  benzene 
AH  =-3267.25x1.5 
=  - 4900.88  kJ 


400  350 


THERMODYNAMICS 


60.  (b)  AH  =  AE  +  AngRT 


82.8  =  AE  + 


1  x  8.314  x  298 


=>  AE  =  80.32 

61.  (a)  C  (graphite)  - >  C  (diamond) 

A H=AU  +  PAV 
12 

Vm  (diamond)  =  —  mL 
12 

Vm  (graphite)  =  —  mL 
AH  -  AU  =  (500  x  103  x  105  N/m2) 


fl2  12>l  m- 
- xlO 

U  2) 


=  -100  kj/mol 
AU  -  AH  =  + 100  kj/mol 


62.  (c)  Ang  is  +ve 
65.  (c)  AS  =  ftCp  m  In  ^ 

i  1 


-  2x-  R  In - 

2  300 

=  5R  ln2 

68.  (c)  AS.a5  =  nCv>mJn^- 


=  2  x - 


I'1)* 


=  3K  In  2 

70.  (c)  AS  will  be  same  because  entropy  is  a  state 

function. 

71.  (d)  AS  =  nCv  m  In  ^  +  nRln  ^ 


=  Cv  m  In  2  4* 


AS  =  (Cv  m  -  R  )  In  2 


72.  (c)  AS  =  nCpm  In 

i  1 


=  2.5x18  x4 


.21nf**l 

UooJ 


=  34.02  J/K 

73.  (b)  ArS°  =  £  VpS°  (Products)  - 1  vRS° 

(Reactants) 

=  (2  x  27.3  +  3x  69.9)  -  (87.4  +  3  x  130.7) 

=  -  215.2  JK_1  mol*1 

77.  Cb)  at  M.P.  AStelon=^S- 
„  AH  9.95x1000 


78.  (d)ASfrecring=-^2D. 

AC  80X10 

273 

=  -2.93  cal/K  =  - 12.25  J/K 
80.  (b)^„5^  =  l.S 

^system  =1.5x85  J/K 


^surrounding  " 

83.  (c)  0.42  =  a  (10)3 


■1.5x85  J/K 


a  =  0.42  x  10* 


m  Jo  T 


=  f2°  aT2dT  =  —  [203  -  0] 

Jo  3 


=  1.12  J/K-mol 

87.  (b)  For  A rG°  -  ve,  Afl0  should  be  -ve  and  AS0 
should  be  +ve 

89.  (b)  (AOjyncm  =  AH  -  T  ■  AS 
and  AH  -  T  •  AS  <  0 

94.  (c)  For  ideal  gas  isothermal  expansion  AH  =  0 
AG  =  -T  •  AS 

where  ac  — «d  i «  f 


A S  =  nR  In 


95.  (b)  Hg(0  ^  Hg(g), 

ArS°  =  174.4  -  77.4  =  97  J/K-mol 
AG°  =  AH°  -  T  •  AS°  =  0 


AS® 

=  60.8  x  1000  = 

97 

96.  (a)  At  equilibrium  AH  =7’- AS 

H20(s)  - ►  H2O(0 

^5  =  SH20(|j  -  SH20(J)  =  21.8  J/mol-K 
AH  =  273  x  (21.8)=  5951.4J/mol 

105.  (a)_At  equilibrium  A G°  =  -  In  Keq 

where  K«,  =  (PH2o/p°)  and  P°  =  lbar 

106.  (a)  AG°  =  -RT  In  Kw 

=  -8.314x298  x  2.303  (-14) 

=  80000  J 

111.  (a)  ArC®  = -10.945  for 

H2(g)+i02(g)->H20(g) 
According  to  KirchhofPs  law 

A^-A^r,  =A  rC'plTt-Tj] 


=278.7  K 


A,H \  ~  (241.82)  =  [-10.94  J  (373  -  298)/100] 
=>  Ar  Hr2  =-242.6  kJ/mol 

114.  (a)  A H°  =  -  x  AH?  +  MM 
2  1  2 


=  -713.7-177.5 
=  -  891.2  kJ 

115.  (b)  A H°  =  2  x  AH?  +  2  x  AH?  -  AH? 

119.(c)C8H18(g)+-Mo2(g)->  8C02(g)+  9H20(Q 

ArH°  =  8  x  (-394)  +  9  x  (-286)  -  (-250) 

=  -  5476  kJ/mol 

121.(c)C(s)+02fe)  - >  CO 2(g); 

=-x  kJ/mol 

C0(g)+l/202(g)  - >  CO 2(g) 

A^2  =  —y  kJ/mol 
Equation  (1)  -  (2) 

CC*)+  ±0 2(g)  - >  CO(g) 

AfH  =  (y  -  x)  kJ/mol 

125.  (a)  A.J1  °  =  57  x  (-393.5)  +  52  x  (-285.8) 

-  (-70870) 

=  -33578.9  kJ/mol 
33578.9 


...d) 

...(2) 


884 


•  =-37.98  kJ/mol 


129.  (b)  For  H2(g)  +  02(g)  - ►  H2O2(0 

AfH°  (H202,  0  =  ArH3°  +  Mi  -  Ml 

(®)  “^reaction  =  ^fbomb  *7water 

^reaction  =  (^'  (bomb)  —  (mwater  x  *0)  A 1 

=  (652+  500  x  4.18)  x  14.3 
=  39210  J  or  39.21  kJ 

132.  (b)  q  =  m  x  c  x  AT,  m  =  q/(c  x  AT) 

=  (24  x  106  x  0.7)/ (4.18  x  50) 

=  80383  g  or  80.383  kg 

133.  (a)  m  mole  of  add  =  0.05  x  0.2  =  0.01 
480x1.09 


A  rH°  =  - 


134.  (a)  A TTSOIution  = 


0.01  x  1000 

(125+  8)  x  4.2x6 


=  -52.32  kJ/mol 


8 


x  80 


=  33516  J/mol  or  33.51  kJ/mol 

136.  (b)  HCl(g)  +  aq  - >  H+  (aq.  )  +  Cl- (aq. ); 


ArH  =  -75.14 

-75.14  =  AfH  (H+,  aq)  +  A fH  (CT,  g) 

-  A fH  (HC1,  g) 

AfH  (H+,  aq)  =  0 
AfH  (Cl-,  aq)  =  -75.14  -  92.3 


=  -167.44  kJ/mol 


137.  (a)  Given  that 

MgS04(s)  +  nH20  - +  MgS04(nH20); 

A^  =-91.2  kJ/mol  ...(i) 

MgS04  -7H20(s)  +  (n  -  7)H20 

- >  MgS04(nH20) 

A rH2  =  13.8  kJ/mol  . . .  (ii) 

Equation  (i)  -  (ii) 


or  AH hyd  =  A^  -  ArH2 

=  -91.2  kJ/mol  - 13.8  kJ/mol 
=  -105  kJ/mol 

138.  (a)  -12250x  - 13000  (1  -x)  =  - 12500 

750x  =  500  x  =  2/3  and  y  =  1/3 


140.  (b)  AHneut 

=  A tf  ioni2ation  +  A,H  (H+  +  OH'  ->  H20) 
=s-  -51.34  =  x- 55.84 


So»  ^ionization  or  X  =  4.5  kJ/mol 

143.  (b)  A^  =  |  x  40  +  -  x  50  =  43.75  kJ/mol 

8  8 

144.  (d)  No.  of  moles  of  02  required  to  supplied  30 

kJ  heat  to  second  reaction 
30  3  _  1 

1260  X  2  "  28 

So  no2  ■  "h2=  ~-3  or  1  :  84 


148.  (a)  P(s)+  ^Cl2(g) 


PCl3(g) 


306  =  (314  +  3  x  121)  -  [B.  E.  (P— Cl)  x  3J; 
B.E.  (P— Cl)  .=  123.66  kJ/mol 
150.  (b)  N2(g)+  2H2(g)  — >  N2H4(g) 

AfH  (N2H4,  g) 

=  (941  +  2  x  436)  -  (159  +  4  x  398) 
=  1813  -1751  =  62  kJmor1 


7 


I 


Level  2 

1.  (C)  W  =  -Pext  (Vf  -  V,) 


60  x  10  40  x  10" 


100 xlQ- 
1000 


=  —  10s  (100  x  10“3  +  0.04x10  3  -0.1  xlO  3) 
j  w\  =  9994  J 

2.  (c)  Mole  of  the  gas  in  the  first  compartment 


0.8314  x  lCr  x  2 
8.314x400 


Similarly,  n2  =  2000 

The  tank  is  rigid  and  insulated  hence  w  =  0 

and  q  =  0  therefore  AU  =  0 

Let  Tf  and  Pf  denote  the  final  temperature 

and  pressure  respectively 

AU  =  ri\CVt  m  [iy  - Tj]  +  ti2CV}  m  [Tf  -*T2] 

=  0 

500  (Tf  -  400)  +  2000  0}  -  500)  =  0 


for  adiabatic  process  dU  =  dW 
dT  R  (dV\ 


nicv,  mi  dT  +  n2Cv  mi  dT 


-  -  (rijRT  +  n2RT )  x- 


In  —  =  In  (  — 


T,  =  320  x 


=  160  K 

A  U  =  (nxCv>  +  n2Cv,  )  A T  =  -960  R 

^  ,f2Rr,  2RT1'\ 

6.  (c)  2xCVim(T2-r1)  =  -ll-y2---^iJ 


and  cBm=cv,m  +  i?  ( 

3  R  (T2  —  300)  =  -  RT2  +  • 


Cy,  m  = 

R  x  300 


H20  ft  373  K) 


3.  (c)  H20  ft  323  K) 


H20  (g,323  K)  ^  H20  (g,373K) 

Cv,.mCH20,g)=  33.314  -8.314 
=  25  J/K  mol 
AU2  =  A H2  -  A ngRT  =  37.6 

At/  total  =  A^i  +  A  U2+  AU3 

=  CY  m(0-A T  +  AVvap  +  Cy  m(g)  AT 
_  75^<50  +  37  g  +  25j<50 
1000  1000 
=  42.6  kJ/mol 

4.  (a)  v  ^rfL  =  r  and  CRm  -CV  m  =  R 


CV,  m  —  ■ 


5.  (d)  Av.  Cv 


=  — and  Cv  ~m-cv 
n 


R 

(Y-l  )M 


T2  =  232.5  K 

w  =  AU  =  2x3 R  (300-232.5) 

=>  w  =  -405R 

7.  (c)  Max.  temp,  attained  by  gas  in  between  B  to  C 

According  to  equation  of  straight  line 
P  -  4  _  V  - 1 
1-4  2-1 

=>  P  —  4  -  -  3V  +  3 
=*  P=7  -3V 

For  1  mole  gas 

—  =7-3V;  RT  -  7V  -  3V2  ...(1) 

R  —  =  7 -6V  =  0 
dV 

V  =  —  put  in  Eq.  (1) 

* 

8.  (i)(c)  w  =  -P  ■  AV  =  -  nRAT  =  -  2  x  8.314  x  600 

=  -9.97  kJ 

(ii)(b)  A Htota!  =  A Ha  +  A Hbc  =  nCfi  m  AT  +  0 

=  2x—  xR  x (800  -  200) 

2 

=  4200  R 


9.  (c) 


V’-1 

V^2 


=  600(0. 5)2  =  150  K 


A Hm  =  -R  x(150  -  600)  =  -1575R 

10.  (a)  w  =  -  nR  AT  =  -  2  x  8.314  x  100 
=  -1662.8  J 
AU  =  n  jcv  m  dT 

=  2  x  j  (20  +  10“2  T)dT 
=  2  x  20  x  (T2  —  Tj )  +  2  x  10~2  x^  ~Tl2 


=  4700  J 

4700  =  q- 1662.8 
q  -  6362.8  J 

—  roi 

"  A  m 


11.  (d)CRm  =(21.686+  8.314+ 10'+) 


=  30  +  10'3P 


J  AH  =  |  nCR  m  AT 
=  10  xj  (30  +  10"3P). dT 


i  n-3 

AH  =  10  x30  (J2  -7\)+  x[P2  -Tj2]  xlO 
=  30350  J 

12.  (b)  dU  =  dq  +  dw 


nCvm-dT  =nCmdT -PdV 

C  -C  +^ 

Cm  C'm+n.dT 

PVn  =  K  and  PV  =  nRT 

!CV1-n  =  nRT 

K(l-n)V-n-dV=nRdT 

dV  _  nR 

dT  ~  K  (1  -  n)  V~n 

from  Eqs.  (1)  and  (2) 

=  Cv,  m  + 


...(1) 


•  (2) 


(1-n) 


13.  (b)  P2V,22=P,Vl2 


n 


'2/ 


Now, 


r2  p2v2 

"  AVi 


=  Ji=l 

V2  3 

r,  =  — =  ioo  k 

3 


ll 

r2 

A H  =  nC 


P>  m 


AT 


=  2  x -K  x  (-200  K)  =  1000  R 


14.  (d)  AS  =  nC 


p,m 


In  ^  +  nR  In  — 


‘l. 


=  3xZ«lnf^l 
2  U98j 

=  -  6.3  cal  K-1 


+  3R  In  — 
4 


15.  (a)  For  isoentropic  process  AS. 

To  ,  Pi 


system 


-  0 


nCp  mlnr^-+nRln^-  =  0 


In  (P2)  =  —  x  In 
2  2 


=  1.75  atm 


16.  (b)  AS, 


system 


=  nR  In  — 


AS. 


=  2  xR  xln  2 
=  11.52  J/K 

3.41  x  1000 


surrounding  ~ 

=  -11  J/K 

AStotal  =  +  11.52-11 
=  +  0.52  J/K 

17.  (c)  0.40  =  ap3  +  bp 

0.40  =  a  x  (1000)  +  b  x  10 

0.4  =  1000a  +  10b 
0.92=  aP23  +  bP2 

=>  0.92  =  a  x  8000  +  20b 

from  Eqs.  (1)  and  (2) 


-(1) 

'■■(2) 


a-  2 x  10 


b  =  0.038 


=  J 


aP3  +  bP 


dT 


a[p3-p3] 


+  b[P2-P,] 


=  0.813  J/K-mo! 


19.  (d)  No.  of  moles  of  sucrose  — 


34.2 

342 


=  0.1 


-(AG)r  p  ~  useful  work  done  by  the  system 
-AG  =  -  AH  +  T  AS 

180x0.1  x  300 


=  +  (6000x0.1)  + 

=  605.4  kJ 

20.  (a)  AG2qo  =  AH2qo  -T  AS2qq 

AH 2oq  -  20  -  4  =  16  kJ/mol 


1000 


AH°  =  ml  +  A Cp[T2  -Tj] 


AH 400  -  ^^°200 


20x200  1T/  , 

h - kJ/mol 

1000 


-16+4-20  kJ/mol 
21,  (a)  A fS°  (NH4C1,  5)  at  300  K 

=  snh40(s)  ”  2Sn2  +  ^H2  + 

=  -374  JK-1  mor1 
A  rCP  =  0 

O  _  D 

A^S3io  =  A^530o 

=  -  374  JK'1  mol-1 
A/H  310  =  A/H  300  =  _  314.5 
A/?3i0  =  A fH°  -  310  AS° 
314.5 

1000 


■°  4.  1  c° 

'h2  +  2*c,2 


=  -198.56  kJ/mol 

22.  (d)  ApH°  =  3-  A /H°  (CO,  s)+  4  A fH°  (C02,  g) 

-  A fH°  (C03O4,  s)-4-A/H°  (CO,  g) 

A  pH0  =  -  241  kJ/mol 
A rS°  =  3  x  30  +  4  x  213.7  - 102.5 

-4x197.7 

=  51.5  J/K-mol 

ArG°  =  Arff°-T-ArS° 

300  x51.5 

=  -241 - 

1000 

=  -  256.45  kJ/mol 
P  P 

23.  (c)  At  constant  volume,  —  =  zr 

7i  *2 

„  ,  300  3 

Po  —lx - — 

2  200  2 

and  14  =  24.63  L 

for  single  phase 

dG  -  Vdp  -  S  dT 

AG  =  VAP-J(2  +  10  ~2T)dT 

10"2  x  50,000 

=  1231.5  -  200 - £ - 

2 

=  781.5  J 

24.  (c)  v  A rC p  =  0,  AH 300  =  AH310 

25.  (d)  AH°  =  -3AH1°  +  AH2  +  2  AH3  +  3  AH4 

= -747.4  kJ 

A H°  =  A U°  +  A ng  RT;  where  A ng  =  - 8 


.'.  AH 300  —  AH310 


-747.4  =  A  Ua 


8  x  8.314x300 
1000 


AU°  =  -727.44  kJ 

26.  (b)  ArG°  =  ArH°-T  xArS° 

ArS°  =  2x81-4x24-3x  205  J/mol 

ApH°  =  -  2258.1  kJ/mol 

ApH°  =  2  x  A/H"  (Cr203,  s) 

^  .  2258.1 

A/H°(Cr203,s)  = - — 

=  -1129.05  kJ/mol 

27.  (a)  CaO(s)  +  C02(g)  - >  CaC03(s) 

A /H°  =  AH/  (CaC03)  -AH/  (CaO) 

-AH°  (C02) 

=  - 1207  -  (-635)  -  (-394) 

=  -178  kJ/mol 
.-.  AE  =  AH  -  Ang  KT 


(-1)  x  8.3  x  300 

AE  =  -178  -  - — - - 

1000 

=  -175.51  kJ 
224  „ 


qv  =  n-ApE  =  4  x  (-175.51) 

= -702.04  kJ 

28.  (d)H2C2O4(0  +  io2(g)->  H20(D+  2C02(g); 


Ang  =3/2 


0.312x8.75 


=  -  245.7  kJ/mol 
AH  =  AU  +  An.RT 

3  8.314x300 

=  -245.7  +  -  x - 

2  1000 


=  -  246.947  kJ/mol 

29.  (b)  H3PO3  - »  2H+  +  HPO2";  ApH  =  ? 

2H+  +  20H  - »  2H20; 

ApH  =  -  55.84  x  2  =  -111.68 
-106.68  =  A ionH  -  55.84  x  2 
Aion  H  -  5  kJ/mol 

30.  (b)  HA  - >  H+  +  A  \  ApH  =1.4  kJ/mol 


2  neutralization 


-55.95=  AHj„ 


^ionization  ApH 

(H+  +  OH' 


AHioni2ation  for  1  M  HA  =  1.35  kJ/mol 

%  heat  utilized  by  1  M  acid  for  ionization 

=  —  x  100  =  96.43% 

1.4 

so,  acid  is  100  -  96.43  =  3.57%  ionized 


>  1 

hjJ 


31.  (b)  2C(s)  +  3H2(g)  - >  C2H6(g) 

^  ^  X  ^sub  H  (C»  S) 

f  [3  x  B.  E.  (H — H) 

'  B.  E.  (C— C) 

+  6  xB.  E.  (C- 

-  85  =  2  x  718  +  3  x  436  -  (x  +  6 y) 
x  +  6y  =  2829  ...(1) 

Similarly,  for  C3H8(g) 

2x  +  8y  =  4002  ...(2) 

from  Eqs.  (1)  and  (2) 
x  =  345  kJ/mol;  y  =  414  kJ/mol 

(c)iN2(g)+|H2(g)  - >  NH3(g) 

Let  B.E.  of  N=N  is  x 
x  3 

-46  *  -  +  -  x  436  -  3  x  393  =>  x  =  958 

N2H4©  - •>  N2(g)+ 2H2(g>, 

6,H  =  -  50  kJ/mol 


32. 


Arap  H  (n2h„,  0  ' 

+  4  X  B.  E.  (N— H) 
+  B.  E.  (N— N) 


B.E. 
+  2B 


(N=N)  \ 

,  E.  CH— H)J 


-50  =  (18  +  4  x  393  +  y)  -  (958  +  2  x  436) 
-50  =  (1590  +  y)  -  (1830) 

B.  E.  (N — N)  or  y  =  190  kJ/mol 

33.  (b)  A,Jf  =(Heat  supplied]  -  [Heat  evolved] 

292  =  [4x  +  279]  -  [38  +  85] 

=>  x  =  34  kcal/mol 

34.  (d)  Theoretical  heat  of  hydrogenation  of 

benzene  =  (Actual  heat  of  hydrogenation) 

+  (Resonance  energy) 


=  -  20S  -  152  =  -  357 

Enthalpy  of  hydrogenation  of  /  \ 
-357  N — ' 


35.  (a)C3He(g)+  502(g)->  3C02(g)+  4H2O(0 
'  8  xB.E.  (C — H) 

A cH=  +  2  x  B.E.  (C — C) 

+  5xB.E.  (0=0) 

6  x  B.E.  (C=0) 

+  8  x  B.E.  (O — H) 
+  3x|R.E.|  of  C02 
+  4xAvapH(H20) 


36. 


AB  process 

0  =  q,  +  m»j 
=  <Ji  -uR(2T0)ln  2 
BC  process  A U2  =  q2  +  w2 
nR  ( nRT0 

— (r.-2ra).ft-^ 

CA  process 

AU3  =  q3  +  w3 


(V0-2V0) 


nR 


(2Tq  — Tq)  —  q3  +  0 


(y-i) 

Efficiency  =  work  done  ,  *$+"2 

Total  heat  absorbed  q,  +  q3 
(~2RTq  In  2)+  (nRTg) 


(2 RT( 


=  -  119  kJ/mol 


For  path  (II) 

t’iVt1  =  w 


,  N--1 

6oo  _fy2  j5 

300  ~{Vi) 
(2)5/2  =  Yz 


V2  =  4-/2x24.63  =  139.3L  «139L 

38.  (c) 

ArH°=  Aft0  (HzO,  0  -  A rH°  (OFT,  aq)  =  -  229 
-56  =  -285-ArH°(OH“,  aq); 

ArH°  (OH-,  aq)  =  -  229 

HF(aq)  +  OH"  (aq) - >■  F“(aq)+  H20(Q 

A.  H„eut  =  (-320  -  285)  -  (-329  -  229) 

=  -47  kJ/mol 

39.  (b)  I2(5) - *  I2CS) 

AH2^AH1  +  ACP(T2-T1) 

ACP  =Cp(I2jg)-Cp(I2_  s)  =  -  6.2  cal/ mole 
AH 2  =  6096  -  6.2(50)  =  5786  cal/mole 
AH  =  AU  +  1x2x523 
5786  =  AI7  +  1x2x523 
A  U  =  5786  - 1046  =  4740  cal 

40.  (d)  AG°  =  -RT  In  Kp ;  if  p  =  (2x)2X  =  4X3 

AG°  =  -HT  ln(4X3) 

AG°  =  -RT  In  4  -  3RT  lnX 


Level  3 

Passage-2 

1.  (b)  PV  =  nRT  =>  2  x  8  =  2  x  0.080  xT 


T  =  100  K 

P 

wrev  =  - 2.303  X  n  xi?  xT  log  -p 

P2 

=  -  2.303  x  2  x  0.08  x  100  x  log 
=  36.848  bar-L 


2.  to  wirr  =  -Pext(V2-V i) 


=  -20 


nRT  nRT 

-  144  bar-L 


3*  (b)  -Wx  +  W2 

,-lof— -  — 

10  2 


l  20  10  J 

=  5xnRT  =  80  bar-L 

Passage-3 

5.  (d)  ArS°  =  S^h30H— Sco  -  2S°2  =  -  J/K-mol 

ArH°  =  AjtH0  (CH3OH)  -  A fH°  (CO) 

-  2-  AfH°  (H2) 

=  -  87  kJ/mol 

Ar^32o  —  ArS30o  =  A  rCp  [T2  —  Tj] 
where  ArC°  =  44  -  29.4  -  2  x  28.8 
=  -43  J/K-mol 

320 

ArS3°2o  =  -16+(-43)ln  — 

=  -18.58 

ArH 320  “  ^r^300  +  ~  ^ll 

=  _87+(-4^x20 
1000 

=  -87.86  kJ/mol 

^r^320  “  Ar^320  ”  ^  *  ^r^320 

-87.86-  320  x(-18  5e-) 

1000 

=  -81.91  kJ/mol 

Passage-4 

3.  (b)  For  max.  rise  in  temp.;  max.  neutralization 
of  H+  and  OH“  required. 

-  If  we  take  equal  volume,  all  H+  (5  m-mole) 
will  react  with  all  OH-  (5  m-mole). 


Passage-5 

1.  (a)  (AG)pj-  =  2000  -  (20  x  298) 

=  -  3960  J/mol 

2.  (b)CaC03 - ♦  CaO  +  C02  AH  +  ve 

Reaction  becomes  spontaneous  at  high 
temperature  because  TAS  dominates  over 


One  or  More  Answers  is/are  Correct 


6.  (b,c,d)  All  =  0  .-.  U2-U1=0 

Similarly,  AH  =  0 

•q  =  -  w  =  nRT  In  — 
4  V, 


9.  (c,d) 

At  VA  = 


1  xR  xlOO 


=  100i? 


1 


1  xR  x 600 

3 


=  200  R 


v  >  VA  so  expansion  of  gas  takes  place 
a  VB  =  200  x  0.0821  ss  16.42  L 

10.  (a,c,d) 

First  step  is  adiabatic  ( q  =  0)  so  A U1  -  w} 
Second  step  is  isochoric  ( w  =  0) 


23.  (a,c) 


AC  AH  40x1000 

A6vaD  - - - - =  100 

p  a  p.  400 


H  a  p.  400 

(a)  P  =  2  atm  BP.  >400K 
PfaPt  ASrap  <  100 

(c)  AG  =  AH  -TAS 

=  40  xl000  -410  xlOO  =  -ve 
AG  <0 

(d)  AH  =AU  +  ArigRT 

AO  =  AU  + 1  x8.31  xlO-3  x400 
AU  =  36.676  kJ/mol 
25.  (a,c) 


ArHc  =  0-95+  55+  25  =  -15; 
ArS°=  50+ 30-45-40  = -5; 

A  rG°  =  -15x1000  +  (400  x  5)  =  -ve 


So,  AH2  —  ^2 

v  initial  and  final  temp,  are  same 
AHtotal  “  AUl  +  AH2  =  0 
or  wx  +  q2  =0 

Max.  work  done  by  the  gas,  S02  is  (area) 
under  the  curve 
so,  SO  2  absorbed 

YS02  <^002  -  Y02  <  YNe 
so,  max.  decrease  in  temp,  of  Ne  due  to  step  1 . 
11.  (a,b,c) 

AH  =  Af/  +  PAVr+VAP  +  APAV 
is  correct  relation. 

21.  (a,c,d) 

Work  is  a  form  of  energy  exchange  between 
system  and  surrounding  in  adiabatic 
process. 

Intensive  property  is  not  additive. 

In  cyclic  process  work  may  be  zero. 

For  cyclic  process 

dU  =  0  =  dq  +  dw  =>  dq-Pdv  =  0 

22.  (a,c,) 

Entropy  of  isolated  system  increases  or 
remains  constant  but  it  can  never  decreases. 


Subjective  Problems 

13.  ^  =  -2.  ~ri  =l~WTotn 


500-350 

500 


Work  done  in  one  cycle  =  3 
Work  done  in  two  cycles  =  3x2=6 

14.  W  =  -An.RT  =  *  2  *  500  =  3 

*  1000 

15.  Process  AC  =  polytropic  process  (P  =  KV ) 
Molar  Heat  capacity  crn=cv  +  R/2~2R 
Process  AB  =  Isobaric 

cm  =  cp  =  5R/2 

f”C„-dT 


Qab 


dT 


^-xl0  =  0.8x10  =  8 
Qab 


CHEMICAL  EQUILIBRIUM 


Types  of  Reaction 


Reversible 

Irreversible 

(i) 

A  reaction  in  which  not  only  the  reactants  react  to 

A  reaction  which  cannot  take  place  in  the  reverse 

form  products  but  also  the  products  react  to  form 
reactants  under  the  same  conditions  is  called 
reversible  reaction. 

direction  is  called  an  irreversible  reaction 

(ii) 

A  few  examples  are  given  a$ 

A  few  examples  are  given  as 

CaCO  3  (s)  ^  CaO(s)  +  CO  2  (g) 

N204(g)^2N02(g) 

AgN03(aq)+  NaCI(aq)->  AgCl(s)+  NaN03(aq) 
BaCl2(aq)+  Na^O^aq)-*  BaS04(s)+  2NaCl(aq) 

Characteristics  of  Equilibrium  State 

*  A  reaction  (or  a  process)  is  said  to  be  in  equilibrium  when  the  rate  of  forward  reaction 
(process)  becomes  equal  to  the  rate  of  backward  reaction  (process). 

<•  At  equilibrium  the  concentration  of  each  of  the  reactants  and  products  become  constant. 

*  An  equilibrium  is  dynamic  in  nature  and  not  static  i.  e. ,  even  after  equilibrium  is  attained,  the 
forward  as  well  as  the  backward  reaction  take  place  but  at  equal  speeds. 

*  A  chemical  equilibrium  can  be  established  only  if  none  of  the  products  is  allowed  to  escape 
out. 

*  Chemical  equilibrium  can  be  attained  from  either  direction. 

*  when  reaction  attain  equilibrium  at  certain  temperature  and  pressure,  A rG  =  0 

*:♦  Catalyst  increases  rate  of  reaction  in  forward  as  well  as  backward  direction  upto  same  extent. 


Law  of  Mass  Action 

It  was  put  forward  by  Guidberg  and  Waage.  It  sates  that  the  rate  at  which  a  substance  reacts  is 
directly  proportional  to  its  active  mass  and  hence  the  rate  at  which  substances  react  together  is 
directly  proportional  to  the  product  of  their  active  masses.  Active  mass  means  molar 
'  concentration. 

Law  of  Chemical  Equilibrium 

For  the  reaction  aA(aq)  +  bB(aq)  xX(aq )  +  yY(aq) 

K  _[*rw 
V  [AriB]b 

.  Where  Kc  is  called  equilibrium  constant  at  constant  temperature. 

Types  of  Equilibrium  Constant 

Kc  =  Equilibrium  constant  in  terms  of  molar  concentration  =  L 

nx  n? 

Kp  =  Equilibrium  constant  in  terms  of  pressure  =  EliEl 

Pa-Pb 

(X  )*  f x  I-5' 

Kx  -  Equilibrium  constant  in  terms  of  mole  fraction  =  *  y  — 

(xAnxB)b 

Unit  of  Equilibrium  Constant 

Unit  of  Kp  -  (atm)  ^  (where  Ang  =  change  in  gas  mole  of  reaction) 

Unit  of  Kc  =MAn* 

Unit  of  Kx  =  Unitless 

Relationship  between  Kp  and  Kc:  Kp  =Kc{RT)tin* 
where  R  =  universal  gas  constant,  T  =  temperature 
Relationship  between  Kp  and  Kx:  Kp  =KX  (P)^ 
where  P  =  equilibrium  pressure  in  container. 

Types  of  Chemical  Equilibria 

v  Homogeneous  equilibrium.  When  in  an  equilibrium  reaction,  all  the  reactants  and  products 
are  present  in  the  same  phase  (Le.  gaseous  or  liquid),  it  is  called  homogeneous  equilibrium. 
PCls(g)  ^  PCl3(g)  +  Cl2(g);  CH3COOH(I)  +C2H5OH(Z)  CH3COOC2H3(/)  +  H2O(0etc. 

<♦  Heterogeneous  equilibrium.  When  in  an  equilibrium  reaction,  the  reactants  and  the  products 
are  present  in  two  or  more  than  two  phases,  it  is  called  a  heterogeneous  equilibrium. 

PbCl2(s)  ^  Pb2+  (aq)  +  2CT(aq) ;  CaO(s)  +  C02(g)  ^  CaC03(s)  etc. 

Expression  of  K  for  Equilibrium  Reaction 

❖  Homogeneous  equilibria  In  gases 

Example:  (i)  NH  3  (aq)  +  H20«)  ^  NH^  (aq)  +  OH'  (aq) 


(i)  Kc  = 


(ii)  Kc 


(ii)  302(g)  ^  203(g) 

(iii)  C3H8(g)  +  502(g)  ^  3C02(g)  +  4H20(g) 

Equilibrium  constant  expression  for  them  are 

=  [NH4  (aq)][QH  (aq)]  represents  concentration  in  mol/  litre  at  equilibrium. 
[NH3  (oq)] 

[03]2  .  „  Pi  ,,,,  „  . [C02]3[H20]4  .  ^ 


[Q332  .  r 
[02]3  3  p  Pi 


.  p4 
Mi20 


w  [co2nH,or  .K  OsL+i 

[C3H,][02]s  pCj„,  p, 


Note:  Equilibrium  constant  for  gaseous  homogeneous  equilibrium  can  be  expressed  in  two 
ways  Kp  and  Kc.  This  means  value  of  equilibrium  constant  depends  upon  choice  of  standard 
state  in  which  concentration  of  reactants  and  products  are  expressed. 

❖  Heterogeneous  equilibria 

If  reactants  and  product  are  found  in  two  or  more  phases,  the  equilibria  describing  them  is 
called  heterogeneous  equilibrium. 

Example:  (i)  Agl(s)  ^  Ag+  (aq)  +  I"  (aq) 

(ii)  CaO(s)  +  C02(g)  ^  CaC03(s) 

(iii)  Br2(Z)  ^  Br2(g) 

Equilibrium  expression  for  them  can  be  written  as 

(i)  Kc  =  [Ag +  (oq)] [r  (oq)]  (ii)  KP  =-±-  ;  Kc  = 

Pco2  [C02(g)J 

(iii)iCp  =PBr,(g)  ;  Kc  =[Br2(g)] 


Predicting  the  Extent  of  a  Reaction 

High  value  of  equilibrium  constant  indicates  that  product(s)  concentration  is  high  and  its  low 
value  indicates  that  concentration  of  the  product(s)  in  equilibrium  mixture  is  low. 

Large  value  ofKp  or  Kc  (larger  than  about  103),  favour  the  products  strongly.  For  intermediate 
values  of  K  (approximately  in  the  range  of  10-3  to  103),  the  concentrations  of  reactants  and 
products  are  comparable.  Small  values  of  equilibrium  constant  (smaller  than  1(T3),  favour  the 
reactants  strongly. 


Predicting  the  Direction  of  the  Reaction 

For  this  purpose,  we  calculate  the  reaction  quotient,  Q.  The  reaction  quotient  is  defined  in  the 
same  way  as  the  equilibrium  constant  (with  molar  concentrations  to  give  Qc,  or  with  partial 
pressure  to  give  Qp)  at  any  stage  of  reaction.  For  a  general  reaction 
aA  +  bB  cC  +  dD 
Q  =  [C]c[D]d 
C  [A]c[B]d 

Then,  if  Qc  >  Kc,  the  reaction  will  proceed  towards  direction  of  reactants. 

If  Qc  <KC,  the  reaction  will  move  towards  direction  of  the  products. 

If  Qc  -  Kc,  the  reaction  mixture  is  at  equilibrium 


Important  Point  about  Equilibrium  Constant 

•••  If  the  reaction  is  reversed,  the  value  of  equilibrium  constant  is  inversed  e.g., 

CH3COOH(aq)  +  C2HsOH(aq)  CH3COOC2Hs (aq)  +  H20(Z),  Equilibrium  constant  =  K 

then  for  CH3COOC2H5(aq)  +  H20(i)  ^  CH3COOH(aq)  +  C2HsOH(aq),  Equilibrium  constant  =  1/if 

*  If  the  reaction  is  divided  by  2,  equilibrium  constant  is  the  square  root  of  the  original  e.g. 

for  N2(g)  +  3H2(g)  ^  2NH3(g)  ,  Equilibrium  constant  =  if 

1  3  ’ 

then  for-N2(g)  +  -H2(g)  ^  NH3(g) ,  Equilibrium  constant  =  -Jk 
^  z 

If  the  reaction  is  multiplied  by  2,  equilibrium  constant  is  the  square  of  the  original. 

*  If  the  reaction  is  written  in  two  steps,  equilibrium  constant  is  equal  to  the  product  of  the 
equilibrium  constants  of  the  step  reactions  e.g.,  if  for 

N2(g)  +  20 2(g)  ^  2N02(g),  Equilibrium  constant  =  if 
and  for  the  same  reaction  taking  place  in  steps  i.e., 

N2(g)  +  02(g)  ^  2N0(g),  Equilibrium  constant  ~Ki 
and  NO(g)  +  02(g)  ^  2N02(g),  Equilibrium  constant  =  if  2 

then  if  =  if,  x  if  2 

K  AM 

*  Effect  of  temperature:  According  to  van’t  Hoff  equation ,  log  — -  = - 

if,  2303H 

where  if,  and  if  2  are  the  equilibrium  constants  at  temperatures  T,  and  T2  respectively  and  AH 
is  the  molar  enthalpy  change  in  the  temperature  range  T,  to  T2. 

For  exothermic  reaction,  as  temperature  increases  if  decreases. 

For  endothermic  reaction,  as  temperature  increases  K  increases. 


Relationship  Between  Degree  of  Dissociation  (a)  and  Vapour  Density 

*  For  dissociation  reaction:  A„(g)  ^  nA(g) 


Degree  of  dissociation  (a)  = 


No.  of  moles  dissociated 
Total  no.  of  moles  taken 


D-d  _  Mf  -M0 
d(n-l)“M0(n-l) 


where  M,  =  theoretical  (calculated)  molecular  weight 

M0  =  observed  (experimental)  molecular  weight 

D  =  theoretical  vapour  density,  d  =  observed  vapour  density. 

n  =  number  of  moles  of  product  formed  from  1  mole  reactant 

r,  •  f  .  PM 

Density  of  gas  mixture  =  — - 

RT 


❖  For  polymerization  reaction 


Le  Chatelier’s  Principle 

“If  a  system  in  equilibrium  is  subjected  to  a  change  of  concentration,  temperature  or  pressure, 
the  equilibrium  shifts  in  a  direction  so  as  to  undo  the  effect  of  the  change  imposed.” 

«  Effect  of  change  in  concentration  on  equilibrium 
As  we  add  or  remove  reactant  (or  product)  the  ratio  of  equilibrium  concentration  become  *Q’ 
(reaction  quotient) 

Q  <  K  :  equilibrium  will  shift  in  forward  direction. 

Q  >  K  :  equilibrium  will  shift  in  backward  direction. 

❖  Effect  of  change  in  pressure 

If  a  system  in  equilibrium  consists  of  gases,  then  the  concentrations  of  all  the  components  can 
be  altered  by  changing  the  pressure.  When  the  pressure  on  the  system  is  increased,  the 
volume  decreases  proportionately.  The  equilibrium  will  shift  in  the  direction  in  which  there  is 
decrease  in  number  of  moles  i.  e. ,  towards  the  direction  in  which  there  is  decrease  in  volume. 
Effect  of  change  in  pressure  on  melting  point:  There  are  two  types  of  solids: 

(i)  Solids  whose  volume  decreases  on  melting,  e.g.,  ice,  diamond,  carborundum, 
magnesium  nitride  and  quartz. 

Solid  (higher  volume)  ^  Liquid  (lower  volume) 

The  process  of  melting  is  facilitated  at  high  pressure,  thus  melting  point  is  lowered. 

(ii)  Solid  whose  volume  increase  on  melting,  e.g.,  Fe,  Cu,  Ag,  Au,  etc. 

Solid  (lower  volume  )  ^  Liquid  (higher  volume) 

In  this  case  the  process  of  melting  becomes  difficult  at  high  pressure,  thus  melting.point' 
becomes  high. 

.  *  Solubility  of  substances  :  When  solid  substance  are  dissolved  in  water,  either  heat  is 
evolved  (exothermic)  or  heat  is  absorbed  (endothermic). 

(i)  For  endothermic  solubility  process,  solubility  increase  with  increase  in  temperature. 

(ii)  For  exothermic  solubility  process,  decrease  with  increase  in  temperature. 

❖  Solubility  of  gases  in  liquids  :  When  a  gas  dissolves  in  liquid,  there  is  decrease  in  volume. 
Thus  increase  of  pressure  will  favour  the  dissolution  of  gas  in  liquid. 

❖  Effect  of  temperature:  For  endothermic  reaction  as  temperature  increases  reaction  shift  in 
forward  direction.  For  exothermic  reaction  as  temperature  increases  reaction  shift  in 
backward  direction. 

❖  Addition  of  inert  gas 

(i)  For  reactions  in  which  np  =nr  there  is  no  effect  of  adding  an  inert  gas  at  constant 
volume  or  at  constant  pressure  on  the  equilibrium. 

(ii)  For  reactions  in  which  np  *  nr,  there  is  no  effect  of  adding  inert  gas  on  the  equilibrium  at 
constant  volume  but  at  constant  pressure,  equilibrium  shifts  towards  larger  mole  side. 

Applying  Le  Chatelier’s  principle,  the  favourable  conditions  for  the  dissociation  of  NH3  by 
Haber’s  process 

i.e.,  N2(g)  +  3H2(g)^2NH3(g),  AH  =-92.5  kJ 

are  (i)  High  temperature  (ii)  Low  pressure  (iii)  Removal  of  N2  and  H2  (iv)  Addition  of  inert 
gas  at  constant  pressure. 


❖  Physical  Equilibrium 

Only  physical  changes  are  involved. 

Example  :  (i)  Solid  liquid  equilibria 

H20(s)  ^  H20«) 

At  equilibrium:  Net  rate  of  conversion  of  ice  into  water  =  Net  rate  of  conversion  of  water  into 
ice. 

For  H2O(0  normal  freezing  point  is  273  K. 

(ii)  Liquid  vapour  equilibria  : 

h2o(0  ^  h2o  (g) 

Equilibrium  is  characterized  by  constant  value  of  vapour  pressure  of  H2O(0  at  certain 
temperature. 

For  H20(i)  normal  boiling  point  is  373  K. 


I 


1.  A  reversible  reaction  is  one  which  : 

(a)  Proceeds  in  one  direction  (b)  Proceeds  in  both  directions 

(c)  Proceeds  spontaneously  (d)  All  the  statements  are  wrong 

2.  The  equilibrium  constant  Kc  for  the  reaction 

P4(S)  ^  2P2(g) 

is  1.4  at  400°C.  Suppose  that  3  moles  of  P4(g)  and  2  moles  of  P2(g)  are  mixed  in  2  litre 
container  at  400°C.  What  is  the  value  of  reaction  quotient  (Q*.)? 

(a)  -  (b)  -  (c)  1  (d)  None  of  these 

2  3 

3.  In  a  chemical  reaction  equilibrium  is  established  when  : 

(a)  Opposing  reaction  ceases 

(b)  Concentrations  of  reactants  and  product  are  equal 

(c)  Velocity  of  opposing  reaction  is  the  same  as  that  of  forward  reaction 

(d)  Reaction  ceases  to  generate  heat 

4.  The  equilibrium  constant  for  a  reaction  is  K,  and  the  reaction  quotient  is  Q.  For  a  particular 
reaction  mixture,  the  ratio  —  is  0.33.  This  means  that  : 

Q 

(a)  the  reaction  mixture  will  equilibrate  to  form  more  reactant  species 

(b)  the  reaction  mixture  will  equilibrate  to  form  more  product  species 

(c)  the  equilibrium  ratio  of  reactant  to  product  concentrations  will  be  3 

(d)  the  equilibrium  ratio  of  reactant  to  product  concentrations  will  be  0.33 

5.  Consider  the  reaction  2SOz(g)  +  02(g)  ^  2SO  3(g)  for  which  Kc  =  278  M"1. 0.001  mole  of 
each  of  the  reagents  S02(g),  02(g)  and  S03(g)  are  mixed  in  a  1.0  L  flask.  Determine  the 
reaction  quotient  of  the  system  and  the  spontaneous  direction  of  the  system  : 

(a)  Qc  =  1000;  the  equilibrium  shifts  to  the  right 
Cb)  Q<r  =  1000;  the  equilibrium  shifts  to  the  left 

(c)  Qc  =  0.001;  the  equilibrium  shifts  to  the  left 

(d)  Qc  =  0.001;  the  equilibrium  shifts  to  the  right 

6.  In  Q.  No.  5,  if  the  mixture  of  gases  was  allowed  to  come  to  equilibrium.  The  volume  of  the 
reaction  vessel  was  then  rapidly  increased  by  a  factor  of  two.  As  a  result  of  the  change  the 
reaction  quotient  (Qc )  would  : 

(a)  increase  because  of  the  pressure  decrease 

(b)  decrease  because  of  the  pressure  decrease 

(c)  remain  the  same  because  the  equilibrium  constant  is  independent  of  volume 

(d)  increase  because  the  reaction  is  endothermic 

7.  For  the  reaction  A  (g)  +  3B(g)  ^  2C(g)  at  27°C,  2  moles  of  A,  4  moles  of  B  and  6  moles  of  C 
are  present  in  2  litre  vessel.  If  Kc  for  the  reaction  is  1.2,  the  reaction  will  proceed  in  : 

(a)  forward  direction  (b)  backward  direction 

(c)  neither  direction  (d)  none  of  these 


PROBLEMS  IN  CHEMISTRY 


8.  For  a  reversible  gaseous  reaction  N2  4*  3H2  ^  2NH3  at  equilibrium,  if  some  moles  of  H2 
are  replaced  by  same  number  of  moles  of  T2  (T  is  tritium,  isotope  of  H  and  assume  isotopes  do 
not  have  different  chemical  properties)  without  affecting  other  parameters,  then  : 

(a)  The  sample  of  ammonia  obtained  after  sometime  will  be  radioactive. 

(b)  Moles  of  N2  after  the  change  will  be  different  as  compared  to  moles  of  N2  present  before 
the  change 

(c)  The  value  of  Kp  or  Kc  will  change 

(d)  The  average  molecular  mass  of  new  equilibrium  will  be  same  as  that  of  old  equilibrium 

9.  For  the  synthesis  of  ammonia  by  the  reaction  N2  +  3H2  ^  2NH3  in  the  Haber’s  process,  the 
attainment  of  equilibrium  is  correctly  predicted  by  the  curve 


time  — •>  time  — ► 


10.  The  figure  shows  the  change  in  concentration  of  species  A  and 
B  as  a  function  of  time. 

The  equilibrium  constant  Kc  for  the  reaction  A(g)  ^  2 B(g) 
is: 

(a)  Kc  >  1  (b)  K  <  1 

(c)  K  =  1  (d)  data  insufficient 

11.  Attainment  of  the  equilibrium  A(g)  ^  2C  (g)  +  B(g)  gave  the 


following  graph.  Find  the  correct  option.  (%  dissociation  =  fraction  dissociated  xlOO) 


t  =  5sec  time 


(a)  At  t  =  5  sec  equilibrium  has  been  reached  and  Kc  =  40  (mol/litre)  2 

(b)  At  t  -  5  sec  equilibrium  has  been  reached  and  %  dissociation  of  A  is  20% 

(c)  At  t  =  5  sec  equilibrium  has  been  reached  and  %  dissociation  of  A  is  30% 

(d)  None  of  these 

12.  Using  molar  concentrations,  what  is  the  unit  of  Kc  for  the  reaction? 

CH3OH(g)  ^  CO(g)  +  2H2(g) 

(a)  M'2  (b)  M2  (c)  M'1  (d)  M 

13.  What  is  the  unit  of  fCpfor  the  reaction? 

CS2(g)  +  4H2(g)  ^  CH4(g)  +  2H2S(g) 

(a)  atm  (b)  atm-2  (c)  atm2  (d)  atm-1 

14.  What  is  the  equilibrium  expression  for  the  reaction  P4(s)  +  502(g)  ^  P4O10(s) 

(a)  Kc  =  [02]s  (b)  Ke  =  [P4OI0]  /  5[P4][02] 

(c)  Kc  =[P4O10]/[P4][O2]s  (d)JC£  =l/[02]s 

15.  At  527°C,  the  reaction  given  below  has  Kc  =  4 

NH3(g)  ^  iN2(g)  +  |H2(g) 

What  is  the  Kp  for  the  reaction? 

N2(g)  +  3H2(g)  2NH3(g) 

(a)  16  x  (800  JR)2  (b)  (c)  - - - 1  (d)  None  of  these 

i  4  J  ^4x  800R ) 

16.  The  equilibrium  constant  for  the  reaction  N2(g)  +  02(g)  5?=^  2NO(g)  at  temperature  (T)  is 
4X10"4.  The  value  of  Kc  for  the  reaction  NO(g)  ^  -^N2(g)  +  io2(g)  at  the  same 
temperature  is  : 

(a)  4x10^  (b)  50  ‘  (c)25xl02.  (d)  0.02 

17.  The  equilibrium  constant  Kc  for  the  following  reaction  at  842<>C  is  7.90  x  10“3.  What  is  Kp  at 

same  temperature? 

~  F2(g)  ^  FCg) 

(a)  8.64  x  10-s  (b)  8.26  xlO"4  (c)  7.90  xlO’2  (d)  7.56  xlO'2 

18*  The  equilibrium  constant  Kp  for  the  following  reaction  at  191°C  is  1.24.  What  is  Kc? 

B(s)  +  |f2(s)  ^  BF3(g) 

(a)  6.7  (b)  0.61  (c)  8.30  (d)  7.6 

19.  For  the  equilibrium  S02Cl2(g)  S02(g)  +  Cl2(g),  what  is  the  temperature  at  which 

1C  (atm) 

- =3? 

Ke  (M) 

.  (a)  0.027  K  (b)  0.36  K  (c)  36.54  K  (d)  273  K 


20.  For  the  reversible  reaction, 

N2(g)  +  3H2(g)^2NH3(g) 

at  500°C,  the  value  of  Kp  is  1.44  x  1CT5  when  partial  pressure  is  measured  in  atmospheres.  The 
corresponding  value  of  Kc  with  concentration  in  mole  litre-1,  is: 

(a)  1.44 x  10-5/(0.082x  500)-2  (b)  1.44x  10-s/(8.314x  773)-2 

(c)  1.44 x  10-s/(0.082x  773)2  (d)  1.44x  10-s/(0.082  x  773)-2 

21.  For  the  reaction  CO(g)  +  Cl2(g)  ^  COCl2(g)  the  value  of  —  is  equal  to  : 

Kp 

(a)  JRT  (b)  RT  (c)  —  (d)  1.0 

RT 

22.  The  concentration  of  a  pure  solid  or  liquid  phase  is  not  included  in  the  expression  of 
equilibrium  constant  because  : 

(a)  solid  and  liquid  concentrations  are  independent  of  their  quantities. 

(b)  solids  and  liquids  react  slowly. 

(c)  solids  and  liquids  at  equilibrium  do  not  interact  with  gaseous  phase. 

(d)  the  molecules  of  solids  and  liquids  cannot  migrate  to  the  gaseous  phase. 

23.  A  catalyst  is  a  substance  which  : 

(a)  increases  the  equilibrium  concentration  of  the  product. 

(b)  changes  the  equilibrium  constant  of  the  reaction. 

(c)  shortens  the  time  to  reach  equilibrium. 

(d)  supplies  energy  to  the  reaction. 

24.  What  will  be  the  effect  on  the  equilibrium  constant  on  increasing  temperature,  if  the  reaction 
neither  absorbs  heat  nor  releases  heat?' 

(a)  Equilibrium  constant  will  remain  constant. 

(b)  Equilibrium  constant  will  decrease. 

(c)  Equilibrium  constant  will  increase. 

(d)  Can  not  be  predicted. 

25.  The  equilibrium  constant  for  the  reaction  N2(g)  +  02(g)  ^  2NO(g)  is  4  x  10“4  at  200  K.  In 
presence  of  a  catalyst,  equilibrium  is  attained  ten  times  faster.  Therefore,  the  equilibrium 
constant  in  presence  of  the  catalyst  at  200  K  is  : 

(a)  40  x  10-4  (b)  4  x  10-4 

(c)  4  x  10-3  (d)  difficult  to  compute  without  more  data 

26.  For  the  reaction  H2(g)  +  I2(g)  ^  2HI(g),  the  equilibrium  constant  changes  with  : 

(a)  total  pressure  (b)  catalyst 

(c)  concentration  of  H2  and  I2  (d)  temperature 

27.  Consider  the  reactions  > 

(i)  2GO(g)  +  2H20 (g)  ^  2C02(g)  +  2H  2(g);  Eqm,  Constant 

(ii)  CH 4(g)  +  H2Q(g)  ^  CO(g)  +  3H2(g);  Eqm.  Constant  ~K2 


(iii)  CH4(g)  +  2H20 (g)  ^  C02(g)  +  4H 2(g);  Eqm.  Constant  =K3 

Which  of  the  following  relation  is  correct? 

2 

(a)  k3  = (b)  X3  =^-  (C)  K 3  (d)  K3 

IC,  1C? 


28.  For  the  reaction  2N02(g)  + -02(g) 


equilibrium  constant  for  the  reaction  2N2Os(g) 
(a)  Kl  (b)  -7-  (c 


N205  (g),  if  the  equilibrium  constant  is  Kp,  then  the 
,Os( g)  ^  4N02(g) +  02(g)  would  be  : 


29.  The  equilibrium  constant  (JCc )  for  the  reaction 

2HCl(g)  ^  H2(g)  +  Cl2(g) 

is  4  x  10-34  at  25°C.  What  is  the  equilibrium  constant  for  the  reaction? 

iH2(g)  +  icl2(g)  ^  HCl(g) 
z  z 

(a)  2  x  10-17  '  0>)  2.5  x  1033  (c)  5  x  106  (d)  None  of  these 

30.  At  a  certain  temperature,  the  following  reactions  have  the  equilibrium  constants  as  shown 
below: 

S(s)  +  02(g)  ^  S02(g);  Xc  =  5  x  1052 
2S(s)  +  302(g)  ^  2S03(g);  Kc  =1029 
What  is  the  equilibrium  constant  Kc  for  the  reaction  at  the  same  temperature  ? 

2S02(g)  +  02(g)  ^  2S03(g) 

(a)  2.5  x  1076  (b)  4  x  1023  (c)4xl0-77  (d)  None  of  these 

31.  Consider  the  following  gaseous  equilibria  given  below  : 

(I)  N2  +  3H2  2NH3;  Eqm.  Constant  =KX 

(II)  N2+02  ^  2NO;  Eqm.  Constant  =  X2  ‘ 


(III)  H2  +  -02 


H20;  Eqm.  Constant  =iC3 


The  equilibrium  constant  for  the  reaction,  2NH3  +  -^02 
and  K3  will  be  : 

(a)  K1K2K3  (b)Mi  (0 

A  o 


2NO  +  3H20  in  terms  of  K1?  K3 


(d  )Mi 

1C, 


32.  In  the  reaction  X(g)  +  T(g)  ^  2  Z(g),  2  mole  of  X,  1  mole  of  Y  and  1  mole  of  Z  are  placed 
in  a  10  litre  vessel  and  allowed  to  reach  equilibrium.  If  final  concentration  of  Z  is  0.2  M,  then. 


Kc  for  the  given  reaction  is  : 
(a)  1.60  (b)  ^ 


,  ,  16 

c  T 


3 


(d)  None  of  these 


33.  An  equilibrium  mixture  of  the  reaction  2H2S(g)  ^  2H2(g)  +  S2(g)  had  0.5  mole  H2S,  0.10 

mole  H2  and  0.4  mole  S2  in  one  litre  vessel.  The  value  of  equilibrium  constant  (K)  in  mol 
litre-1  is  : 

(a)  0.004  (b)  0.008  (c)  0.016  (d)  0.160 

34.  Given  [CS2]  =  0.120  M,  [H2]  =  0.10,  [H2SJ  =  0.20  and  [CH4]  =  8.40  x  10's  M  for  the 
following  reaction  at  900°C,  at  eq.  Calculate  the  equilibrium  constant  (Kc). 

CS2(g)  +  4H2(g)  ^  CH4  (g)  +  2H2S(g) 

(a)  0.0120  ‘(b)  0.0980  (c)  0.280  (d)  0.120 

35.  The  equilibrium  constant  for  the  following  reaction  is  10.5  at  500  K.  A  system  at  equilibrium 
has  [CO]  =  0.250  M  and  [H2]  =  0.120  M.  What  is  the  [CH3OH]? 

CO(g)  +  2H2(g)  ^  CH3OH(g) 

(a)  0.0378  (b)  0.0435  (c)  0.S46  (d)  0.0499 

36.  When  sulphur  (in  the  form  of  S8)  is  heated  at  temperature  1]  at  equilibrium,  the  pressure  of  S8 
falls  by  30%  from  1.0  atm,  because  S8(g)  is  partially  converted  into  S2(g). 

Find  the  value  of  K  p  for  this  reaction. 

(a)  2.96  (b)  6.14  (c)  204.8  (d)  None  of  these 

37.  9.2  grams  of  N204(g)  is  taken  in  a  closed  one  litre  vessel  and  heated  till  the  following 

.  equilibrium  is  reached  N204(g)  2N02(g) 

.  .•  At  equilibrium,  50%  N204  (g)  is  dissociated.  What  is  the  equilibrium  constant  (in  mol  litre  -1) 
(molecular  weight  of  N204  =  92) 

(a)  0.1  (b)  0.4  (c)  0.2  (d)  2 

38.  TVvo  moles  of  NH3  when  put  into  a  previously  evacuated  vessel  (one  litre),  partially 
dissociated  into  N2  and  H2.  If  at  equilibrium  one  mole  of  NH3  is  present,  the  equilibrium 
constant  is  : 

'  (a)  3/4  mol2litre-2  (b)  27/64  mol2litre-2  (c)  27/32  mol2litre-2  (d)  27/16  mol2litre-2 

39.  In  the  presence  of  excess  of  anhydrous  SrCl2,  the  amount  of  water  taken  up  is  governed  by 
Kp  =  1012  atm-4  for  the  following  reaction  at  273  K 

SrCl2  •  2HzO(s)  +  4H20(g)  ^  SrCl2  •  6H20(s) 

What  is  equilibrium  vapour  pressure  (in  torr)  of  water  in  a  closed  vessel  that  contains 
SrCl2  •  2HzO(s)? 

(a)  0.001  torr  (b)  103  torr  (c)  0.76  torr  (d)  1.31  ton- 

40.  CuS04  •  5H20(s)  CuS04  •  3H20(s)  +  2H20(g);/Cp  =  4x  10-4  atm2.  If  the  vapour  pressure 

of  water  is  38  ton-  then  percentage  of  relative  humidity  is  :  (Assume  all  data  at  constant 
temperature) 

(a)  4  (b)  10  (c)  40  (d)  None  of  these 

41.  NH4HS(s)  ^  NH3(g)  +  H2S(g) 

The  equilibrium  pressure  at  25°C  is  0.660  atm.  What  is  Kp  for  the  reaction? 

(a)  0.109  (b)  0.218  (c)  1.89  (d)  2.18 


CHEMICAL  EQUILIBRIUM! 


42.  For  the  reaction  24(g)  ^  B(g)  +  3 C(g),  at  a  given  temperature,  Kc  =  16.  What  must  be  the 
volume  of  the  flask,  if  a  mixture  of  2  mole  each  of  A,  B  and  C  exist  in  equilibrium? 

(a)  -  (b)  i  (c)  1  (d)  None  of  these 


43.  One  mole  of  pure  ethyl  alcohol  was  treated  with  one  mole  of  pure  acetic  acid  at  25°C. 
One-third  of  the  acid  changes  into  ester  at  equilibrium.  The  equilibrium  constant  for  the 
reaction  will  be  : 

(a)  -  (b)  2  (c)  3  (d)  4 

4 

44.  I2(aq)  +  I"  (aq)  I3  (aq).  We  started  with  1  mole  of  I2  and  0.5  mole  of  I"  in  one  litre  flask. 
After  equilibrium  is  reached,  excess  of  AgN03  gave  0.25  mole  of  yellow  precipitate. 
Equilibrium  constant  is  : 

(a)  1.33  (b)  2.66  (c)  2.0  (d)  3.0 

45.  At  87°C,  the  following  equilibrium  is  established. 

H2(g)  +  S(s)  ^  H2S(g);  Kc  =  0.08 

If  0.3  mole  hydrogen  and  2  mole  sulphur  are  heated  to  87°C  in  a  2  L  vessel,  what  will  be  the 
concentration  of  H2S  at  equilibrium? 

(a)  0.011  M  (b)  0.022  M  (c)  0.044  M  (d)  0.08  M 

46.  In  the  equilibrium  2S02(g)  +  02(g)  ^  2S03(g),  the  partial  pressure  of  S02,  02  and  S03 
are  0.662,  0.10  and  0.331  atm  respectively.  What  should  be  the  partial  pressure  of  oxygen  so 
that  the  equilibrium  concentrations  of  S02  and  S03  are  equal? 

(a)  0.4  atm  (b)  1.0  atm  (c)  0.8  atm  (d)  0.25  atm 

47.  When  heated,  ammonium  carbamate  decomposes  as  follows  :  '  -I 

NH4COONH2(s)  ^  2NH3(g)  +  C02(g) 

At  a  certain  temperature,  the  equilibrium  pressure  of  the  system  is  0.318  atm.  Kp  for  the 


reaction  ts  : 


(a)  0.128  (b)  0.426  (c)  4.7b  x  1U  “  uu  None  or  tnese 

48.  In  a  system  A(s)  ^  2 B(g)  +  3C(g),  if  the  concentration  of  C  at  equilibrium  is  increased  by  a 
factor  of  2,  it  will  cause  the  equilibrium  concentration  of  B  to  change  to  : 

(a)  two  times  the  original  value  (b)  one  half  of  its  original  value 


(c)  4.76  x  10- 


(d)  None  of  these 


(c)  2-/2  times  to  the  original  value 


(d)  — —  times  the  original  value 

2V2 


49.  A  +  B  ^  C  +  D.  If  finally  the  concentration  of  A  and  B  are  both  equal  but  at  equilibrium 
concentration  of  D  will  be  twice  of  that  of  A  then  what  will  be  the  equilibrium  constant  of 
reaction  ? 

(a)  ±  ft)  2  (c)  1  <d)  4 

9  4  9 

50.  The  equilibrium  constant/^  for  the  reaction  S02(g)  +  N02(g)  ^  S03(g)  +  NO(g)is  16.  If 
1  mole  of  each  of  all  the  four  gases  is  taken  in  1  dm3  vessel,  the  equilibrium  concentration  of 
NO  would  be  : 

(a)  0.4  M 


(b)  0.6  M 


(c)  1.4  M 


(d)  1.6  M 


51.  On  increasing  the  temperature,  the  rate  of  a  reaction  : 

(a)  always  increases 

(b)  always  decreases 

(c)  first  increases  and  then  decreases 

(d)  may  increase  or  decrease  depending  upon  the  nature  of  the  reaction 

52.  A  catalyst  increases  the  rate  of  a  reaction  by  : 

(a)  increasing  the  activation  energy  of  the  reaction 

(b)  increasing  the  value  of  rate  constants  (kf  and  kb ) 

(c)  increasing  the  enthalpy  change  of  the  reaction 

(d)  decreasing  the  enthalpy  change  of  the  reaction 

53.  At  a  certain  temperature,  only  50%  HI  is  dissociated  at  equilibrium  in  the  following  reaction : 

2HI(g )  ^  H2(g)  +  I2(g) 

The  equilibrium  constant  for  this  reaction  is  : 

(a)  0.25  (b)  1.0  (c)  3.0  (d)  0.5 

54.  The  equilibrium  constant  Kp  for  the  reaction 

H2(g)  +  C02(g)  ^  H20(g)  +  CO(g) 

is  4.0  at  1660°C.  Initially  0.80  mole  H2  and  0.80  mole  C02  are  injected  into  a  5.0  litre  flask. 
What  is  the  equilibrium  concentration  of  C02(g)  ? 

(a)  0.533  M  (b)  0.0534  M  (c)  0.535  M  (d)  None  of  these 

55.  At  273  K  and  1  atm,  10  litre  of  N204  decomposes  to  N02  according  to  equation 

N204(g)  ^  2NOz(g) 

What  is  degree  of  dissociation  (a)  when  the  original  volume  is  25%  less  than  that  of  existing 
volume? 

(a)  0.25  (b)  0.33  (c)  0.66  (d)  0.5 

56.  The  equilibrium  constant  for  the  reaction  CO(g)  +  H20(g)  ^  C02(g)  +  H2(g)  is  5.  How 

many  moles  of  C02  must  be  added  to  1  litre  container  already  containing  3  moles  each  of  CO 
and  H20  to  make  2M  equilibrium  concentration  of  CO? 

(a)  15  (b)  19  (c)  5  (d)  20 

57.  A  nitrogen-hydrogen  mixture  initially  in  the  molar  ratio  of  1  :  3  reached  equilibrium  to  form 
ammonia  when  25%  of  the  N2  and  H2  had  reacted.  If  the  total  pressure  of  the  system  was  21 
atm,  the  partial  pressure  of  ammonia  at  the  equilibrium  was  : 

(a)  4.5  atm  (b)  3.0  atm  (c)  2.0  atm  (d)  1.5  atm 

58.  Ammonia  under  a  pressure  of  15  atm  at  27°C  is  heated  to  347°C  in  a  closed  vessel  in  the 
presence  of  a  catalyst.  Under  the  conditions,  NH3  is  partially  decomposed  according  to  the 
equation, 

2NH3  N2  +  3H2  the  vessel  is  such  that  the  volume  remains  effectively  constant  where  as 
pressure  increases  to  50  atm.  Calculate  the  percentage  of  NH3  actually  decomposed  : 

(a)  65%  (b)  61.3%  (c)  62.5%  (d)  64% 


59.  0.1  mole  of  N204(g)  was  sealed  in  a  tube  under  one  atmospheric  conditions  at  25°C. 
Calculate  the  number  of  moles  of  N02(g)  present,  if  the  equilibrium  N204  (g)  ^  2N02(g) 
(Kp  ~  0.14)  is  reached  after  some  time  : 

(a)  1.8  x  102  (b)  28 x  102  (c)  0.034  (d)  28  x  10-2 

60.  5  moles  of  S02  and  5  moles  of  02  are  allowed  to  react.  At  equilibrium,  it  was  found  that  60% 
of  SO  2  is  used  up.  If  the  pressure  of  the  equilibrium  mixture  is  one  atmosphere,  the  partial 
pressure  of  02  is: 

(a)  0.52  atm  (b)  0.21  atm  (c)  0.41  atm  (d)  0.82  atm 

61.  N2(g)  +  3H2(g)  ^  2NH3(g)  ; 


For  the  reaction  initially  the  mole  ratio  was  1  :  3  of  N2  :  H2.  At  equilibrium  50%  of  each  has 
reacted.  If  the  equilibrium  pressure  is  P,  the  partial  pressure  of  NH3  at  equilibrium  is  : 


(a) 


62.  2.0  mole  of  PC15  were  introduced  in  a  vessel  of  5.0  L  capacity  of  a  particular  temperature.  At 
equilibrium,  PC15  was  found  to  be  35%  dissociated  into  PC13  and  Cl2.  The  value  of  Kc  for  the 
reaction 


PCl3(g)  +  Cl2(g)  ^  PCI 5(g) 

(a)  1.89  (b)  0.377  (c)  1.33  (d)  13.3 

63.  At  certain  temperature  compound  AB2(g)  dissociates  according  to  the  reaction 

2 AB2(g)  ^  2AB(g)  +  B2(g) 


65. 


With  degree  of  dissociation  a,  which  is  small  compared  with  unity.  The  expression  of  Kp, 
terms  of  a  and  initial  pressure  P  is  : 


in 


(a)  P 


a 


Cb) 


Pa' 


<c)  PT 


Cd) 


Pa' 


2  '3  3  '2 

64.  For  the  reaction 

H2(g)  +  CO2(g0  CO(g)  +  H20(g).  If  the  initial  concentration  of  [H2]=[C02]  and  x 
moles/litre  of  hydrogen  is  consumed  at  equilibrium,  the  correct  expression  of  K  p  is  : 

v-2  (■ (  _j_  2  v-2  v2 

(a) 


x2  (b)  (1  +  ?£  (c)  (d) 


a-xy 


a-xy 


(2  +  x) 


1  “  x* 


If  Dt  and  D0  are  the  theoretical  and  observed  vapour  densities  at  a  definite  temperature  and  a 
be  the  degree  of  dissociation  of  a  substance.  Then,  a  in  the  terms  of  D0i  DT  and  n  (number  of 
moles  of  products  formed  from  1  mole  reactant)  is  calculated  by  the  formula  : 


(a)  a  = 


Dn  ~ 


(b)  a -  Dt  ~D° 


(c)  a  = 


Dt  —  Dr 


(d)  a  = 


D-D  T 


(1  -  n)  DT  (n  - 1)  Dt  (n  -  1)  D0  (n-l)Dr 

66.  For  the  dissociation  of  PC15  into  PCl5  and  Cl2  in  gaseous  phase  reaction,  if  d  is  the  observed 
vapour  density  and  D  the  theoretical  vapour  density  with  ‘a’  as  degree  of  dissociation. 
Variation  of  D/d  with  ‘  a’  is  given  by  which  graph? 


67.  At  27°C  and  1  atm  pressure,  N204  is  20%  dissociation  into  N02.  What  is  the  density  of 
equilibrium  mixture  of  N204  and  N02  at  27°C  and  1  atm? 

(a)  3.11  g/litre  (b)  2.11  g/litre  (c)  4.5  g/litre  (d)  None  of  these 

68.  COCl  2  gas  dissociates  according  to  the  equation,  COCl2(g)  ^  CO(g)  +  Cl2(g).  When 

heated  to  700  K  the  density  of  the  gas  mixture  at  1.16  atm  and  at  equilibrium  is  1.16  g/litre. 
The  degree  of  dissociation  of  C02  at  700  K  is  : 

(a)  0.28  (b)  0.50  (c)  0.72  (d)  0.42 

69.  The  degree  of  dissociation  of  I2  molecule  of  1000°C  and  under  atmospheric  pressure  is  40%  by 
volume.  If  the  dissociation  is  reduced  to  20%  at  the  same  temp,  total  equilibrium  pressure  on 
the  gas  is  : 

(a)  1.57  atm  (b)  2.57  atm  (c)  3.57  aim  (d)  4.57  atm 

70.  Determine  the  value  of  equilibrium  constant  ( Kc )  for  the  reaction 

A2 (g)  +  B2(g)  ^  2AB{g) 

If  10  moles  of  A2;  15  moles  of  B2  and  5  moles  of  AB  are  placed  in  a  2  litre  vessel  and  allowed  to 
come  to  equilibrium.  The  final  concentration  of  AB  is  7.5  M  : 

(a)  4.5  (b)  1 .5  (c)  0.6  (d)  None  of  these 

71.  At  87°C,  the  following  equilibrium  is  established 

H2(g)  +  S(s)  ^  H2S(g);  Kp=7x  10"2 

If  0.50  mole  of  hydrogen  and  1.0  mole  of  sulphur  are  heated  to  87°C  in  1.0  L  vessel,  what  will 
be  the  partial  pressure  of  H2S  at  equilibrium? 

‘  '  (a)  0.966  atm  (b)  1.38  atm  (c)  0.0327  atm  (d)  1  atm 

72.  Pure  PC15  is  introduced  into  an  evacuated  chamber  and  comes  to  equilibrium  at  247*0  and  2.0 
atm.  The  equilibrium  gaseous  mixture  contains  40%  chlorine  by  volume. 

Calculate  Kp  at  247°C  for  the  reaction 

PCls(g)  ^  PCl3(g)  +  Cl2(g) 

(a)  0.625  atm  (b)  4  atm  (c)  1.6  atm  (d)  None  of  these 

73.  For  the  reaction 

Sn02(s)  +  2H 2(g)  2HzO (g)  +  Sn(Z) 

calculate  Kp  at  900  K,  where  the  equilibrium  steam-hydrogen  mixture  was  45%  H2  by 
volume  : 

(a)  1.49  (b)  1.22  (c)  0.67  (d)  None  of  these 


74.  For  the  reaction  XC03(s)  ^  XO(s)  +  C02(g),  Kp  =1.642  atm  at  727°C.  If  4  moles  of 
XC03(s)  was  put  into  a  50  litre  container  and  heated  to  727°C. 

What  mole  percent  of  the  XC03  remains  unreacted  at  equilibrium? 

(a)  20  (b)  25  (c)  50  (d)  None  of  these 

75.  Fe203(s)  may  be  converted  to  Fe  by  the  reaction 

Fe203(s)  +  3H2(g)  ^  2Fe(s)  +  3H20(g), 

for  which  Kc  -  8  at  temp.  720°C. 

What  percentage  of  the  H2  remains  unreacted  after  the  reaction  has  come  to  equilibrium? 
(a)  =22%  (b)  =34%  (c)  =66%  (d)  =78% 


76.  AB3(g)  is  dissociates  as  AB3(g)  ^  AB2(g)  +  ^B2(g) . 

When  the  initial  pressure  of  AB2  is  800  torr  and  the  total  pressure  developed  at  equilibrium  is 
900  torr.  What  fraction  of  AB3(g )  is  dissociated? 

(a)  10%  (b)  20%  (c)  25%  (d)  30% 

77.  At  1000  K,  a  sample  of  pure  N02  gas  decomposes  as  : 

2N02(g)  ^  2NO(g)  +  02(g) 

The  equilibrium  constant  Kp  is  156.25  atm.  Analysis  shows  that  the  partial  pressure  of  02  is 
0.25  atm  at  equilibrium.  The  partial  pressure  of  N02  at  equilibrium  is  : 

(a)  0.01  (b)  0.02  (c)  0.04  (d)  None  of  these 

78.  Pure  nitrosyl  chloride  (NOC1)  gas  was  heated  to  240°C  in  a  1 .0  L  container.  At  equilibrium  the  total 

pressure  was  1.0  atm  and  the  NOCl  pressure  was  0.64  atm.  What  would  be  the  value  of  K p? 
(a)  1.02  atm  (b)  16.875  x  10"3  atm 

(c)  16  x  10'2  atm  (d)  None  of  these 

79.  At  a  certain  temperature  the  equilibrium  constant  Kc  is  0.25  for  the  reaction 

A2(g)  +  B2(g)  C2(g)  +  H2(g) 

If  we  take  1  mole  of  each  of  the  four  gases  in  a  10  litre  container,  what  would'be  equilibrium 
concentration  of  A2(g)? 

(a)  0.331  M  (b)  0.033  M  (c)  0.133  M  (d)  1.33  M 

80.  At  200°C  PCI  5  dissociates  as  follows  : 

PCI s(g)  ^  PCl3(g)+Cl2(g) 

It  was  found  that  the  equilibrium  vapours  are  62  times  as  heavy  as  hydrogen.  The  degree  of 
dissociation  of  PCl5  at  200°C  is  nearly  : 

(a)  10%  (b)  42%  (c)  50%  (d)  68% 

81.  For  the  dissociation  reaction  N20 4(g)  ^  2N02(g),  the  degree  of  dissociation  (a)  in  terms 


of  Kp  and  total  equilibrium  pressure  P  is  : 


(a)  a  = 


(b)  a  = 


(c)  a  = 


(d)  None  of  these 


82. 


The  graph  which  represents  all  the  equilibrium  concentrations  for  the  reaction 

N204(g)^2N02(g) 


83.  The  vapour  pressure  of  mercury  is  0.002  mm  Hg  at  27°C.  Kc  for  the  process  Hg(Z)  ^  Hg(g) 

r.  is: 

(a)  0.002  (b)  8.12x10  5  (c)  6.48  x  1(T5  (d)  1.068  x  10~7 

84.  Calculate  the  equilibrium  constant  (ifc)  for  the  reaction  below  if  they  are  present  at 
equilibrium  5.0  mole  of  A2,  3  mole  of  B2  and  2  mole  of  AB2  at  8.21  atm  and  300  K 

,  A2 (g)  +  2 B2(g)  ^  2 AB2(g)  +  Heat 

(a)  1.333  (b)  2.66  (c)  20  (d)  None  of  these 

85.  For  the  reaction  (1)  and  (2) 

.  A(g)  ^  B(g)  +  C(g)  ...(1) 

X(g)  ^  2Y(g)  ...(2) 

Given,  :  K?2  =  9  : 1 

If  the  degree  of  dissociation  of  A(g)  and  X (g )  be  same  then  the  total  pressure  at  equilibrium 
;■  (1)  and  (2)  are  in  the  ratio  : 

’’{  (a)  3  :  1  (b)  36  :  1  (c)  1  :  1  (d)  0.5  :  1 

86.  Given  the  following  reaction  at  equilibrium,  N2(g)  +  3H2(g)  ^  2NH3(g).  Some  inert  gas 

at  constant  pressure  is  added  to  the  system.  Predict  which  of  the  following  facts  will  be 
affected? 

(a)  More  NH3(g)  is  produced  (b)  Less  NH3(g)  is  produced 

(c)  No  affect  on  the  equilibrium  (d)  Kp  of  the  reaction  is  decreased 

87.  Change  in  volume  of  the  system  does  not  alter  the  number  of  moles  in  which  of  the  following 
.  .  equilibrium  : 

(a)  N2(g)  +  02(g)^2NO(g)  (b)  PCl5(g)^fc  PCl3(g)  +  Cl2(g) 

(<0  N2(g)  +  3H2(g)  ^  2NH3(g)  (d)  S02Cl2(g)  ^  S02(g)  +  Cl2(g) 

88.  For  the  reaction 

N2(g)  +  3H2(g)  ^  2NH3(g);  AH  = -93.6  kJ  moP1 
the  number  of  moles  of  H2  at  equilibrium  will  increase  if  : 

.  ‘  (a)  volume  is  increased  (b)  volume  is  decreased 

(c)  argon  gas  is  added  at  constant  volume  (d)  NH3  is  removed 
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89.  The  volume  of  the  reaction  vessel  containing  an  equilibrium  mixture  is  increased  in  the 
following  reaction 

S02Cl2(g)  ^  S02(g)  +  Cl2(g) 


When  equilibrium  is  re-established  : 

(a)  the  amount  of  Cl2(g)  remains  unchanged 

(b)  the  amount  of  Cl2(g)  increases 

(e)  the  amount  of  S02Cl2(g)  increases 
(d)  the  amount  of  S02(g)  decreases 

90.  Some  inert  gas  is  added  at  constant  volume  to  the  following  reaction  at  equilibrium 

NH4HS(s)  ^  NH3(g)  +  H2S(g) 


91 


92. 


93. 


Predict  the  effect  of  adding  the  inert  gas  : 

(a)  the  equilibrium  shifts  in  the  forward  direction 

(b)  the  equilibrium  shifts  in  the  backward  direction 

(c)  the  equilibrium  remains  unaffected 

(d)  the  value  of  lCp  is  increased 

Consider  the  reaction  where  Kp  =  0.497  at  500  K 

PCl5(g)^PCl3(g)  +  Cl2(g) 


If  the  three  gases  are  mixed  in  a  rigid  container  so  that  the  partial  pressure  of  each  gas  in 
initially  1  atm.  Which  is  true  ? 

(a)  More  PCl5  will  be  produced 

(b)  More  PC13  will  be  produced 

(c)  Equilibrium  will  be  established  when  50%  reaction  is  complete 

(d)  None  of  the  above 

The  preparation  of  S03(g)  by  reaction 
S02(g)  +  i02(g)  S03(g)  is  an  exothermic  reaction.  If  the 

preparation  follows  the  following  temperature-pressure 
relationship  for  its  %  yield,  then  for  temperatures  T1,  T2  and  T3. 

The  correct  option  is  : 

(a)  T3  >T2  >  Tj 

(b)  r,  >t2  >t3 

(c)  7i  =t2=t3 

(d)  Nothing  could  be  predicted  about  temperature  through  given 
information 


An  equilibrium  mixture  at  700  K  of  0.05M  N2(g),  0.3 M  H2(g)and  0.2M  NH3(g)is  present  in 
a  container.  Now  if  this  equilibrium  is  disturbed  by  adding  N2(g)  so  that  its  concentration 
becomes  0.15  M  just  after  addition  then  which  of  the  following  graphs  represents  the  above 
situation  more  appropriately: 


94.  In  a  vessel  containing  N2,  H2  and  NH3  at  equilibrium,  some  helium  gas  is  introduced  so  that 
total  pressure  increase  while  temperature  and  volume  remain  constant.  According  to  Le 
Chatelier’s  principle,  the  dissociation  of  NH3  : 

(a)  increases  (b)  decreases 

(c)  remains  unaltered  (d)  changes  unpredictably 

95.  Le-Chatelier  principle  is  not  applicable  to  : 

(a)  H2(g)  +  I2(g)  ^  2HI(g)  (b)  ,Fe(s)  +  S(s)  ^  FeS(s) 

(c)  N2(g)  +  3H2(g)  ^  2NH3{g)  (d)  N2(g)  +  02Cg)  ^  2NO(g) 

96.  Consider  the  following  reactions.  In  which  cases  is  the  product  formation  favoured  by 
decreased  pressure? 

(1)  C02(g)  +  C(s)  ^  2CO(g);  AH°  =  + 172.5  kJ 

(2)  N2(g)  +  3H2(g)^  2NH3(g);  AH°  =  -91.8kJ 

(3)  N2(g)  +  02(g)  ^  2NO(g);  AW°  =  181kJ 

(4)  2H2Ofg)  ^  2H2(g)  +  02(g);  AH0  =  484.6  kJ 

(a)  2,  3  (b)  3,  4  (c)  2,  4  (d)  1,  4 

97.  Consider  the  following  reactions.  In  which  cases  is  product  formation  favoured  by  decreased 
temperature? 

(1)  N2(g)  +  Oz(g)  ^  2NO(g);  AH°  =  181  kJ 

(2)  2C02(g)  ^  2CO(g)  +  02(g);  AH°  =  566  kJ 

(3)  H2(g)  +  I2(g)  ^  2HI (g);  AH°  =  -9.4  kJ 

(4)  H2(g)  +  F2(g)  ^  2HF(g);  AH°  =  -541kJ 

(a)  1,  2  (b)  2  only  (c)  1,  2,  3 


(d)  3,  4 


98.  For  which  of  the  following  reactions  is  product  formation  favoured  by  low  pressure  and  high 
temperature? 

(a)  H2(g)  +  I2(g)  ^  2HI(g);  AH°  =  -9.4kJ 

(b)  COz(g)  +  C(s)  ^  2CO(g);  AH°  =  172.5  kJ 

(c)  CO(g)  +  2H2(g)  ^  CH3OH;  AH0  =  -  21.7  kJ 

(d)  30 2 (g)  ^  20 3(g);  AH°  =  285kJ 

99.  For  which  of  the  following  reaction  is  product  formation  favoured  by  low  pressure  and  low 
temperature? 

(a)  C02(g)  +  C(s)  ^  2CO(g);  AH°  =  172.5  kJ 

(b)  CO(g)  +  2H2(g)  ^  CH3OH;  AH0  =  -21.7  kJ 

(c)  203(g)  ^  30 2(g);  AH°  =  -285  kJ 

(d)  H2(g)  +  F 2(g)  ^  2HF(g);  A H°  =  -541  kJ 

100.  Consider  the  following  reactions  at  equilibrium  and  determine  which  of  the  indicated  changes 
will  cause  the  reaction  to  proceed  to  the  right. 

(1)  CO(g)  +  3H2(g)  ^,CH4(g)  +  H20(g)  (add  CH4) 

(2)  N2(g)  +  3H2(g)  ^  2NH3(g)  (remove  NH3) 

(3)  H2(g)  +  F2(g)  ^  2HF(g)  (add  F2) 

(4)  BaO(s)  +  S03(g)  ^  BaS04(s)  (add  BaO) 

(a)  2,  3  (b)  1,  4  (c)  2,  4  (d)  2,  3,  4 

101.  If  the  pressure  in  a  reaction  vessel  for  the  following  reaction  is  increased  by  decreasing  the 
volume,  what  will  happen  to  the  concentrations  of  CO  and  C02? 

H20(g)  +  C0(g)  ^  H2(g)  +  C02(g)  +  Heat 

(a)  both  the  [CO]  and  [C02]  will  decrease 

(b)  neither  the  [CO]  nor  the  [C02]  will  change 

(c)  the  [CO]  will  decrease  and  the  [C02]  will  increase 

(d)  both  the  [CO]  and  [C02]  will  increase 

102.  Consider  the  following  reaction  and  determine  which  of  the  conditions  will  shift  the 
equilibrium  position  to  the  right? 

4NH3(g)  +  502(g)  ^  4NO(g)  +  6H20(g)  +  Heat 

(a)  increasing  the  temperature  (b)  increasing  the  pressure 

(c)  adding  a  catalyst  (d)  none  of  the  above  is  correct 

103.  The  conversion  of  ozone  into  oxygen  is  exothermic.  Under  what  conditions  is  ozone  the  most 
stable? 

203(g)  ^  302(g) 

(a)  At  low  pressure  and  low  temperature  (b)  At  high  pressure  and  high  temperature 
(c)  At  high  pressure  and  low  temperature  (d)  At  low  pressure  and  high  temperature 

104.  A  system  at  equilibrium  is  described  by  the  equation  of  fixed  temperature  T. 

S02Cl2(g)  ^  S02(g)  +  Cl2(g) 

What  effect  will  an  increases  in  the  total  pressure  caused  by  a  decrease  in  volume  have  on  the 
equilibrium? 


(a)  Concentration  of  SO 2C1 2  (g)  increases  (b)  Concentration  of  SO  (g)  increases 

(c)  Concentration  of  Cl2(g)  increases  (d)  Concentration  of  all  gases  increases 

105.  The  reaction  2N02(g)  ^  N204(g)  is  an  exothermic  equilibrium.  This  means  that : 

(a)  equilibration  of  this  gas  mixture  will  be  slower  at  high  temperature 

(b)  a  mole  of  N204  will  occupy  twice  the  volume  of  a  mole  of  N0Z  at  the  same 

(c)  the  equilibrium  will  move  to  the  right  if  an  equilibrium  mixture  is  cooled 

(d)  the  position  of  equilibrium  will  move  to  the  left  with  increasing  gas  pressure 

106.  Densities  of  diamond  and  graphite  are  3.5  and  2.3  gm/mL 
C  (diamond)  ^  C  (graphite);  ArH  =-1.9kJ/mol 
favourable  conditions  for  formation  of  graphite  are  : 

(a)  high  pressure  and  low  temperature  (b)  low  pressure  and  high  temperature 

(c)  high  pressure  and  high  temperature  (d)  low  pressure  and  low  temperature 

107.  For  an  equilibrium  H20(s)  ^  H20(Z),  which  of  the  following  statements  is  true? 

(a)  The  pressure  changes  do  not  affect  the  equilibrium 

(b)  More  of  ice  melts  if  pressure  on  the  system  is  increased 

(c)  More  of  liquid  freezes  if  pressure  on  the  system  is  increased 

(d)  The  pressure  changes  may  increase  or  decrease  the  degree  of  advancement  of  the  process 

108.  A  pressure  cooker  reduces  cooking  time  for  food  because: 

(a)  the  higher  pressure  inside  the  cooker  crushes  the  food  material 


(b)  cooking  involves  chemical  changes  helped  by  a  rise  in  temperature 

(c)  heat  is  more  evenly  distributed  in  the  cooking  space 

(d)  boiling  point  of  water  involved  in  cooking  is  increased 


109.  The  vapour  pressure  of  a  liquid  in  a  closed  container  depends  on  : 

(1)  temperature  of  liquid 

(2)  quantity  of  liquid 

(3)  surface  area  of  the  liquid 

(a)  1  only  (b)  2  only  (c)  1  and  3  only  (d)  1,  2  and  3 

1 10.  The  pressure  on  a  sample  of  water  at  its  triple  point  is  reduced  while  the  temperature  is  held 
constant.  Which  phases  changes  are  favoured? 

(I)  melting  of  ice 

(II)  sublimation  of  ice 

(III)  vaporization  of  liquid  water 

(a)  I  only  (b)  III  only  (c)  II  only  (d)  II  and  III 


111.  An  exothermic  reaction  is  represented  by  the  graph  : 


Q. 
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112.  An  endothermic  reaction  is  represented  by  the  graph  : 


in'  inr  in  .  in 


113.  A  schematic  plot  of  In  Keq  versus  inverse  of  temperature  for  a  reaction  is  shown  below 


— m/tot1) 


the  reaction  must  be  : 

(a)  Exothermic 

(b)  Endothermic 

(c)  One  with  negligible  enthalpy  change 

(d)  Highly  spontaneous  at  ordinary  temperature 

114.  What  is  the  correct  relationship  between  free  energy  change  and  equilibrium  constant  of  a 
reaction  : 

(a)  AG°  =  RT  In  K  (b)  AGD  =  -RT  In  K 

(c)  AG  =  RT  In  K  (d)  AG  =  -RT  In  K 


115.  For  the  chemical  equilibrium  CaC03(s)  CaO(s)  +  C02(g),  A H®  can  be  determined  from 

which  one  of  the  following  plots  ? 


CuS04  -3H20(s)  CuS04(s)  +  3H20(g) 


A  rH°  for  the  reaction  is  : 

(a).  7.7  kJ/mol  (b)  -147.41  kJ/mol 

(c)  147.41  kJ/mol  (d)  None  of  these 


117.  van’t  Hoffs  equation  shows  the  effect  of  temperature  on  equilibrium  constants  Kc  and  K p .  The 
Kp  varies  with  temperature  according  to  the  relation  : 


(a)  log^  = 
kpi 


A H° 
2.303  R 


(b)  log 


AH°  (T2  -  T\  ' 
2.303  R  {  T{T2  j 


(d)  None  of  these 


(c)  log 


A E°  f Tj  -T2y 
2.303  R  T{T2  j 


118.  For  a  reaction,  the  value  of  Kp  increases  with  increase  in  temperature.  The  A  H  for  the  reaction 
would  be  : 

(a)  positive  (b)  negative 

(c)  zero  (d)  cannot  be  predicted 

119.  The  most  stable  oxides  of  nitrogen  will  be  : 

(a)  2N02(g)  ^  N2(g)  +  202(g);  K  =  6.7  x  1016  mol  L’1 

(b)  2N2Os(g)  2N2(g)  +  502(g);  K  =  1.2x  1024  mol5  L's 

(c)  2NO(g)  ^  N2(g)  +  02(g);  JC  =  2.2xl030 


(d)  2N 20(g )  ^  2N2(g)  +  02(g);  K  =  3.5  x  1033  mol  L’1 

120.  When  1  mole  of  pure  ethyl  alcohol  (C2H5OH)  is  mixed  with  1  mole  of  acetic  acid  at  25°C,  the 
equilibrium  mixture  contains  2/3  mole  each  of  ester  and  water  . 

C2H5OH(0  +  CH3COOH(i)  ^  CH3COOC2Hs(I)  +  h2o 

The  A  G°  for  the  reaction  at  298  K  is  : 

(a)  3435  J  (b)  4  J  (c)  -3435  J  (d)  Zero 

121.  The  value  of  A  G°  for  a  reaction'in  aqueous  phase  having  Kc  =  1,  would  be  : 

(a)  -RT  (b)  -1  (c)  0  (d)  +RT 

122.  A  plot  of  Gibbs  energy  of  a  reaction  mixture  against  the  extent  of  the  reaction  is  : 

(a)  minimum  at  equilibrium  (b)  zero  at  equilibrium 

(c)  maximum  at  equilibrium  (d)  None  of  these 

123.  For  the  reaction  at  300  K 


A(g)  ^  V(g)  +  S(g) 

ArH°  =  -  30 kJ/mol,  ArS°  =  -0.1  kJ.K^.mol-1 
What  is  the  value  of  equilibrium  constant? 

(a)  0  Cb)  1  (c)  10  (d)  None  of  these 

124.  Solid  Ca(HC03)2  decomposes  as 
Ca(HC03)2(s)  CaC03(s)  +  C02(g)  +  H20(g) 

If  the  total  pressure  is  0.2  bar  at  420  K,  what  is  the  standard  free  energy  change  for  the  given 
reaction  (ArG0)? 

(a)  840  kJ/mol  (b)  3.86  kJ/mol  (c)  6.98  kJ/mol  (d)  16.083  kJ/mol 

125.  The  standard  free  energy  change  of  a  reaction  is  AG°=  -115  kj  at  298  K.  Calculate  the  value 
of  log  jo  Kp  (R  =  8.314  JR”1  mol-1) 

(a)  20.16  (b)  2.303 


(c)  2.016 


(d)  13.83 
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The  following  equilibrium  constants  were  determined  at  1120  K  : 

2CO(g)  C(s)  +  C02(g);  K =10'14  atm-1 

CO(g)  +  Cl2(g)  ^  COC1 2(g);  KP2  =6x10‘3  atm"1 

What  is  the  equilibrium  constant  Kc  for  the  following  reaction  at  1120  K  : 

C(s)  +  C02(g)  +  2Cl,(g)  ^  2COCl2(g) 

(a)  3.31  x  10n  M"1  (b)  5.5  x  1010  M-1  (c)  5.51  x  106  M'1  (d)  None  of  these 

One  mole  of  N2(g)  is  mixed  with  2  moles  of  H2(g)  in  a  4  litre  vessel.  If  50%  of  N2(g)  is 
converted  to  NH3(g)  by  the  following  reaction  : 

N2(g)  +  3H2(g)  2NH 3(g) 

What  will  be  the  value  of  Kc  for  the  following  equilibrium? 

NH3(g)  ^  IN2Cg)  +  |H2{g) 


(a) 

256 

{ 

(i 

mole 

'-J  4  mole  \ 

V 

A2  r1 

v v 

1 

litre 

V — / 

3  litre 

at 

27«C 

at  27*C 

(b)  16 


(c)  — 
16 


(d)  None  of  these 


The  gas  A2  in  the  left  flask  allowed  to  react  with  gas  B2  present  in  right  flask  as 
A2(g)  +  B2(g)  ^  2 AB(g);  Kc  =  4  at  27°C.  What  is  the  concentration  of  AB  when 

equilibrium  is  established? 

(a)  1.33  M  (b)  2.66  M  (c)  0.66  M  (d)  0.33  M 

4.  Assume  that  the  decomposition  of  HN03  can  be  represented  by  the  following  equation 

4HN03(g)  ^  4N02(g)  +  2H20(g)  +  02(g) 

and  the  reaction  approaches  equilibrium  at  400  K  temperature  and  30  atm  pressure.  At 
equilibrium  partial  pressure  of  HN03  is  2  atm. 

Calculate  Kc  in  (mol/L)3  at  400  K  : 

(Use  :  R  =  0.08  atm-L/mol-K) 

(a)  4  (b)  8  (c)  16  (d)  32 

5.  For  the  equilibrium 

LiCl-  3NH3(s)  ^  LiCl-NH3($)  +  2NH3(g); 

Kp  =  9  atm2  at  37°C.  A  5  litre  vessel  contains  0.1  mole  of  LiCl  •  NH3.  How  many  moles  of  NH3 
should  be  added  to  the  flask  at  this  temperature  to  derive  the  backward  reaction  for 
completion? 

Use  :  R  =  0.082  atm-L/mol  K 
(a)  0.2  (b)  0.59 


(c)  0.69 


(d)  0.79 


60  Ammonium  carbamate  dissociates  as 

NH2COONH4(<0  ^  2NH3(g)  +  C02(g) 

In  a  closed  vessel  containing  ammonium  carbamate  in  equilibrium,  ammonia  is  added  such 
that  partial  pressure  of  NH3  now  equals  to  the  original  total  pressure.  Calculate  the  ratio  of 
partial  pressure  of  C02  now  to  the  original  partial  pressure  of  C02  : 

(a)  4  (b)  9  (c)  -  (d)  - 

9  9 

7.  For  the  reaction  C2H6(g)  ^  C2H4(g)  +  H2(g) 

Kp  is  5  x  10“2  atm.  Calculate  the  mole  per  cent  of  C2H6(g)  at  equilibrium  if  pure  C2H6  at  1 
atm  is  passed  over  a  suitable  catalyst  at  900  K  : 

(a)  20  (b)  33.33  (c)  66.66  (d)  None  of  these 

8.  2NOBr(g)  ^  2NO(g)  +  Br2(g).  If  nitrosyl  bromide  (NOBr)  is  40%  dissociated  at  certain 
temp,  and  a  total  pressure  of  0.30  atm.  Kp  for  the  reaction  2NO(g)  +  Br2(g)  ^  2NOBr(g) 


(a)  45  (b)  25 

9.  Consider  the  partial  decomposition  of  A  as 

2A(g)  ^ 


(c)  0.022 


2B(g)  +  C(g) 


(d)  0.25 


At  equilibrium  700  mL  gaseous  mixture  contains  100  mL  of  gas  C  at  10  atm  and  300  K.  What  is 


the  value  oiK  for  the  reaction? 

(a)  —  (b)  — 

7  28 


(d)  — 
10 


10.  At  a  certain  temperature  and  2  atm  pressure  equilibrium  constant  (Kp )  is  25  for  the  reaction 

S02(g)  +  N02(g)  ^  S03(g)  +  NO(g) 

Initially  if  we  take  2  moles  of  each  of  the  four  gases  and  2  moles  of  inert  gas,  what  would  be 
the  equilibrium  partial  pressure  of  N02? 

(a)  1.33  atm  (b)  0.1665  atm  (c)  0.133  atm  (d)  None  of  these 

11.  0.020  g  of  selenium  vapour  at  equilibrium  occupying  a  volume  of  2.463  mL  at  1  atm  and  27°C. 
The  selenium  is  in  a  state  of  equilibrium  according  to  reaction 

3Se2(g)  ^  Se6(g) 


What  is  the  degree  of  association  of  selenium? 

(At.  wt.  of  Se  =  79) 

(a)  0.205  (b)  0.315  (c)  0.14  (d)  None  of  these 

12.  Determine  the  degree  of  association  (polymerization)  for  the  reaction  in  aqueous  solution 

6HCHO  ^  C6H1206 


If  observed  (mean)  molar  mass  of  HCHO  and  C6H1206  is  150  : 

(a)  0.50  (b)  0.833  (c)  0.90  (d)  0.96 

13.  A  reaction  system  in  equilibrium  according  to  reaction  2SOz(g)  +  02(g)  =*=*=  2S03(g)inone 
litre  vessel  at  a  given  temperature  was  found  to  be  0.12  mole  each  of  S02  and  S03  and  5  mole 
of  02.  In  another  vessel  of  one  litre  contains  32  g  of  S02  at  the  same  temperature.  What  mass 
of  02  must  be  added  to  this  vessel  in  order  that  at  equilibrium  20%  of  S02  is  oxidized  to  S03? 
(a)  0.4125  g  (b)  11.6  g  (c)  1.6  g  (d)  None  of  these 


14.  The  equilibrium  constant  Kp  for  the  reaction 

N204(g)  ^  2N02(g)  is  4.5 

What  would  be  the  average  molar  mass  (in  g/mol)  of  an  equilibrium  mixture  of  N204  and 
N02  formed  by  the  dissociation  of  pure  N204  at  a  total  pressure  of  2  atm? 

(a)  69  (b)  57.5  (c)  80.5  ■  (d)  85.5 

15.  A  flask  containing  0.5  atm  pressure  of  A2(g),  some  solid  AB  added  into  flask  which  undergoes 
dissociation  according  to  2AB(s)  A2(g)  +  B2(g)  Kp  =  0.06  atm2 

The  total  pressure  (in  atm)  at  equilibrium  is  : 

(a)  0.70  (b)  0.6  (c)  0.10  (d)  None  of  these 

16.  A  vessel  of  250  litre  was  filled  with  0.01  mole  of  Sb2S3  and  0.01  mole  of  H2  to  attain  the 
equilibrium  at-  440°C  as 

Sb2S3(s)  +  3H2(g)  =5=*  2Sb(s)  +  3H2S(g) 

After  equilibrium,  the  H2S  formed  was  analysed  by  dissolved  it  in  water  and  treating  with 
excess  of  Pb2+  to  give  1.19  g  of  PbS  as  precipitate.  What  is  the  value  of  Kc  at  440°C? 

(a)  1  (b)  2  (c)  4  (d)  8 

17.  For  the  reaction  2A(g)  +  B(g)  C(g)  +  D(g);Kc  =1012.  If  the  initial  moles  of  A,  B,  C  andD 
are  2, 1,  7  and  3  moles  respectively  in  a  one  litre  vessel.  What  is  the  equilibrium  concentration 
of  A? 

(a)  4  x  10-4  (b)  2  x  10-4  (c)  10-4  (d)8xl0^ 

18.  The  equilibrium  constant  for  the  reaction  in  aqueous  solution 

H3B03  +  glycerin  (H3B03  -glycerin)  is  0.90. 

How  many  moles  of  glycerin  should  be  added  per  litre  of  0.10  M  H3B03  so  that  80%  of  the 
H3B03  is  converted  to  the  boric-acid-glycerin  complex? 

(a)  4.44  (b)  4.52  (c)  3.6  (d)  0.08 

19.  Rate  of  diffusion  of  ozonized  oxygen  is  0.4V5  times  that  of  pure  oxygen.  What  is  the  per  cent 
degree  of  association  of  oxygen  assuming  pure  02  in  the  sample  initially? 

(a)  20  (b)  40  (c)  60  (d)  None  of  these 

20.  One  mole  of  S03  was  placed  in  a  two  litre  vessel  at  a  certain  temperature.  The  following 
equilibrium  was  established  in  the  vessel 

2S03(g)  ^  2S02(g)  +  02(g) 

the  equilibrium  mixture  reacted  with  0.2  mole  KMn04  in  acidic  medium.  Hence,  Kc  is  : 

(a)  0.50  (b)  0.25 

(c)  0.125  (d)  None  of  these 

21.  At  800°C,  the  following  equilibrium  is  established  as 

F2(g)  ^  2F(g) 

The  composition  of  equilibrium  may  be  determined  by  measuring  the  rate  of  effusion  of  the 
mixture  through  a  pin  hole.  It  is  found  that  at  800°C  and  1  atm  mixture  effuses  1.6  times  as 
fast  as  SO,  effuses  under  the  similar  conditions.  (At.  wt.  of  F  =  19).  What  is  the  value  of  Kp  (in 
atm)? 

(a)  0.315 
(c)  0.46 


(b)  0.685 
(d)  1.49 


22.  The  equilibrium  constant  for  the  ionization  of  i?NH2(g)  in  water  as 

KNH2(g)  +  H2O(0  ^  JtNH3  (aq)  +  OH'  (aq) 

is  8  x  10-6  at  25°C.  Find  the  pH  of  a  solution  at  equilibrium  when  pressure  of  RNH2(g)  is  0.5 
bar  : 

(a)  * 12.3  (b)  *11.3  (c)  *11.45  (d)  None 

23.  Calculate  A rG  for  the  reaction  at  27°C  I 

H2(g)  +  2Ag+ (aq)  ^  2Ag(s)  +  2H+ (aq) 

Given  :  PH2  =  0.5  bar;  [Ag+]  =  10_s  M; 

[H+]  =  10-3  M;  ArG°[Ag+(aq)]  =77.1  kJ/mol 
(a)  -154.2  kJ/mol  (b)  -178.9  kJ/mol 

(c)  -129.5  kJ/mol  (d)  None  of  these 

'24.  When  N205  is  heated  at  certain  temperature,  it  dissociates  as 
^2^5(5)  N203(g)  +  02(g);  Kc  =2.5.  At  the  same  time  N203  also  decomposes  as  : 

N203(g)  ^  N20(g)  +  02(g).  If  initially  4.0  moles  of  N205  are  taken  in  1.0  litre  flask  and 
allowed  to  dissociation,  concentration  of02  at  equilibrium  is  2.5  M.  Equilibrium  concentration 
of  N205  is  : 

(a)  1.0  M  (b)  1.5  M  (c)  2.166  M  (d)  1.846  M 

25.  Two  solid  compounds  X  and  V  dissociates  at  a  certain  temperature  as  follows 

X(s)  ^  A(g)  +  2B(g);  K =9x  10*3  atm3 

7(s)  2B(g)  +  C(g);  Kp2  =4.5xl0'3  atm3 

The  total  pressure  of  gases  over  a  mixture  of  X  and  Y  is  : 

(a)  4.5  atm  (b)  0.45  atm  (c)  0.6  atm 


(d)  None  of  these 
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PASSAGE  1 


For  a  gaseous  reaction 


aA(g)  +  bB(g)  cC(g)  +  dD(g) 


equilibrium  constant  Kc,  Kp  and  Kx  are  represented  by  the  following  relations 

icnal.  K  £L4  and 

(tfm*  '  pi  pi  <4 

where  [/l]  represents  molar  concentration  of  A,  pA  represents  partial  pressure  of  A  and  P 
represents  total  pressure,  xA  represents  mole  fraction  of  A 


1.  On  the  basis  of  above  work-up.  Select  write  option 
(a)  Kp  =  K(  (RT)An* ;  K.x  =  Kp  (RD^  (b)  Kc  =  Kp  (RT)~  ^ ;  Kp  =  KXP 

(c)  Kc  =  KxP*n*  ;  Kp  =  KXP*"*  (d)  Kc  =  Kp  (RT)"^  ;Kx=Kp  (RT)An* 

2.  For  the  reaction  SO 2C1 2 (g)  ^  S02(g)  +  Cl2(g),  Kp  >  Kx  is  obtained  at  : 

(a)  0.5  atm  (b)  0.8  atm  (c)  1  atm  (d)  2  atm 

3.  For  the  following  equilibrium  relation  between  Kc  and  Kx  (in  terms  of  mole  fraction)  is 

PCl3(g)  +  Cl2(g)  ^  PCI 5(g) 

(a)  Kc  =  KX(RT)~J  (b)Kc=Kx(RT)  (c)  KC=KX  (d)  Kp  =  KX 

PASSAGE  2*^91 


(c)  Kc  =KXP  *  ;  Kn  =KXP 


Variation  of  equilibrium  constant  K  with  temperature  is  given  by  van’t  Hoff  equation 

]nJC  =  AV_AH^ 

R  RT 

from  this  equation,  A Hr°  can  be  evaluated  if  equilibrium  constants  Kr  and  K2  at  two 
temperature  Tx  and  T2  are  known. 

.  AHr°  Tl  ll 


\ 2.303  R  [Tj  T2J 

1.  For  an  isomerization  X(g)  ^  V(g),  the  temperature  dependency  of  equilibrium  constant  is 
given  by  : 


In  AC  =  2- 


The  value  of  A rS°  at  300  K  is  : 
(a)  2R  (b)  \ 

iv 


(c)  1000  R 


(d)  None  of  these 
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2.  Select  the  correct  statement : 

(a)  Value  of  Keq  always  increases  with  increasing  temperature 

Cb)  For  exothermic  reaction  value  of  JCeq  increases  with  decreasing  in  temperature 

(c)  For  endothermic  reaction  value  of  Kc<j  increases  with  decreasing  in  temperature 

(d)  For  exothermic  reaction  slope  is  Gog  K  Vs  .1/T)  negative 

3.  Variation  of  log10  K  with  ^  is  shown  by  the  following  graph  in  which  straight  line  is  at  45°C, 
hence  A  H°  is  : 


*  (a)  -4.606  kJ/mol  (b)  -19.147  kJ/mol  (c)  8.314  kJ/mol  (d)  10  kJ/mol 

4.,  The  equilibrium  constant  K p  for  the  reaction 
.V  A(g)  ^  B(g)  +  C(g) 

is  1  at  27°C  and  4  at  47°C.  For  the  reaction  calculate  enthalpy  change  for  die 
8(g)  +  C(g)  ^  A(g)  (Given  :  R  =  2  cal/mol-K) 

(a)  -  13.31  kcal/mol  (b)  13.31  kcal/mol  (c)  -  19.2  kcal/mol  (d)  55.63  kcal/mol 


PASSAGE  3/ 

N,03  is  an  unstable  oxide  of  nitrogen  and  it  docomposes  into  NO(g)  and  N02(g )  where 
N02(gl  is  further  dimerise  into  N204  as 

(0  N203(g)^N02(g)  +  N0(g)  ;  Kn  =  2.5  bar 

(ii)2N02(g)^N2O4(g)  ; 

A  flask  is  initially  filled  with  pure  N203(g)  having  pressure  2  bar  and  equilibria  were 
established. 

At  equilibrium  partial  pressure  of  NO(g)  was  found  to  be  1.5  bar. 

1.  The  equilibrium  partial  pressure  of  N203(g)  is: 

(a)  0.5  bar  (b)  1.0  bar  (c)  1.5  bar 

2.  The  equilibrium  partial  pressure  of  NOz(g)  is: 

(a)  0.066  bar  (b)  0.133  bar  (c)  0.423  bar 

3.  The  value  of  Kp2  is: 

(a)  0.16  bar"1  (b)  0.32  bar"1  (c)  0.48  bar"1 


(d)  0.1  bar 
(d)  0.83  bar 
(d)  0.64  bar"1 2 3 


PASSAGE  4 

ff  a  system  at  equilibrium  is  subjected  to  a  change  of  any  one  of  the  factors  such  as 
concentration,  pressure  or  temperature,  the  system  adjusts  itself  in  such  a  way  so  as  to 
minimise  the  effect  of  that  change. 

Effect  of  change  in  concentration  on  equilibrium: 

As  we  add  or  remove  reactant  (or  product)  the  ratio  of  equilibrium  concentration  become  ‘Q’ 
(reaction  quotient)  and  depending  upon. 

Q  <K  :  equilibrium  will  shift  in  forward  direction 
Q  >  K  :  equilibrium  will  shift  in  backward  direction 

Effect  of  change  in  pressure  : 

if  a  system  in  equilibrium  consists  of  gases,  then  the  concentrations  of  all  the  components  can 
be  altered  by  changing  the  pressure.  When  the  pressure  on  the  system  is  increased,  then 
equilibrium  will  shift  in  the  direction  in  which  there  is  decrease  in  number  of  moles  t.e., 
towards  the  direction  in  which  there  is  decrease  in  volume. 

Effect  of  change  in  pressure  on  melting  point  :  There  are  two  types  of  solids  : 

(a)  Solids  whose  volume  decreases  on  melting,  e.g.,  ice,  diamond,  carborundum,  magnesium 

nitride  and  quartz. 

Solid  (higher  volume)  ^  Liquid  (lower  volume) 

The  process  of  melting  is  facilitated  at  high  pressure,  thus  melting  point  is  lowered. 

(b)  Solid  whose  volume  increase  on  melting,  e.g.,  Fe,  Cu,  Ag,  Au,  etc. 

Solid  (lower  volume)  ^  Liquid  (higher  volume) 

In  this  case  the  process  of  melting  becomes  difficult  at  high  pressure,  thus  melting  point 
becomes  high. 

(c)  Solubility  of  substances  :  When  solid  substance  are  dissolved  in  water,  either  heat  is 

evolved. 

For  endothermic  solubility  process  solubility  increase  with  increase  in  temperature. 

For  exothermic  solubility  decrease  with  increase  in  temperature. 

(d)  Solubility  of  gases  in  liquids  :  When  a  gas  dissolves  in  liquid,  there  is  decrease  in 

volume.  Thus  increase  of  pressure  will  favour  the  dissolution  of  gas  in  liquid. 

Effect  of  temperature  :  For  endothermic  reaction  as  temperature  increases  reaction 
shift  in  forward  direction.  For  exothermic  reaction  as  temperature  increases  reaction  shift 
in  backward  direction. 

1.  A ‘X’(g)  solute  when  dissolved  in  water  heat  is  evolved.  Then  solubility  of' X’ will  increase  : 

(a)  High  temperature,  low  pressure  (b)  Low  temperature,  high  pressure 

(c)  High  temperature,  high  pressure  (d)  Low  temperature,  low  pressure 

2.  Fe(O^Fe(s) 

Above  equilibrium  is  favoured  at : 

(a)  High  pressure,  low  temperature  (b)  High  pressure,  high  temperature 

(c)  Low  pressure,  high  temperature  (d)  Low  pressure,  low  temperature  ,  ^ 


PROBLEMS  IN  CHEMISTRY 


3.  For  the  reaction 


N2(s)  +  02(g)=^2NO(g) 

If  pressure  is  increased  by  reducing  the  volume  of  the  container  then  : 

(a)  Total  pressure  at  equilibrium  will  remain  same 

0?)  Concentration  of  all  the  component  at  equilibrium  will  change 

(c)  Concentration  of  all  the  component  at  equilibrium  will  remain  same 

(d)  Equilibrium  will  shift  in  the  backward  direction 


ONE  OR  MORE  ANSWERS  IS/ARE  CORRECT 

1.  A  catalyst  : 

(a)  increases  the  average  kinetic  energy  of  reacting  molecules 
0?)  decreases  the  activation  energy 

(c)  can  alters  the  reaction  mechanism 

(d)  can  change  pre-exponential  factor 

2.  Which  of  the  following  is  correct  about  the  chemical  equilibrium? 

(a)  ( A  G )  ^  p  =0 

(b)  Equilibrium  constant  is  independent  of  initial  concentration  of  reactants 

(c)  Catalyst  has  no  effect  on  equilibrium  state 

(d)  Reaction  stops  at  equilibrium 

3.  For  the  reaction 

AB2(g)  ^  AB(g)  +  B{g) 

If  a  is  negligible  w.r.t.  1  then  degree  of  dissociation  (a)  of  AB2  is  proportional  to  : 

(a)  ~  Cb)  1  (c)-L  (d)  Jv 

4.  Consider  the  reactions  given  below.  In  which  cases  will  the  reaction  proceed  toward  right  by 
increasing  the  pressure? 

(a)  4HCl(g)  +  02(g)  - »  2Cl2(g)  +  2H20(g) 

(b)  Cl2(g)  +  H20(g)  - >  2HCl(g)  +  io2(g) 

(c)  COz(g)  +  4H2(g)  - >  CH4(g)  +  2H20(g) 

(d)  N2(g)  +  02(g)  - >  2NO(g) 

5.  Ammonia  is  a  weak  base  that  reacts  with  water  according  to  the  equation 

NH3(oq)  + H2O(0  ^  NH4 (aq)  +  OH- (aq) 

Select  the  correct  option  (s)  that  can  increase  the  moles  of  ammonium  ion  in  water: 

(a)  Addition  of  HC1  (b)  Addition  of  NaOH 

(c)  Addition  of  NH4C1  (d)  Addition  of  H20 

6.  Consider  the  reaction  2CO(g)  +  02(g)  2C02(g)  +  Heat 

Under  what  conditions  shift  is  undeterminable? 

(a)  Addition  of  02  and  decrease  in  volume 

(b)  Addition  of  CO  and  removal  of  C02  at  constant  volume 
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(c)  Increase  in  temperature  and  decrease  in  volume 

(d)  Addition  of  CO  and  increase  in  temperature  at  constant  volume 

7.  What  will  be  the  effect  of  addition  of  catalyst  at  constant  temperature? 

(a)  The  equilibrium  constant  will  remain  constant 

(b)  A  H  of  the  reaction  will  remain  constant 

(c)  kf  and  kb  will  increase  upto  same  extent 

(d)  equilibrium  composition  will  change 

8.  For  the  reaction  PCI 5 Cg)  ^  PCl3(g)  +  Cl2(g),  the  forward  reaction  at  constant  temperature 
is  favoured  by: 

(a)  introducing  an  inert  gas  at  constant  volume 

(b)  introducing  chlorine  gas  at  constant  volume 

(c)  introducing  an  inert  gas  at  constant  pressure 

(d)  increasing  the  volume  of  the  container 

9.  For  the  reaction  :  Cl2(g)  +  3F2(g)  ^  2ClF3(g);  A  H  =  -  329  kJ, 
dissociation  ofClF3(g)  will  be  favoured  by  : 

(a)  increasing  the  temperature 

(b)  increasing  the  volume  of  the  container 

(c)  adding  of  F2  gas 

(d)  adding  of  inert  gas  at  constant  pressure 

10.  Increase  in  the  pressure  for  the  following  equilibrium  :  H20(D  ^  H20(g), 

result  in  the: 

(a)  formation  of  more  H2O(0  (b)  formation  of  more  H20(g) 

(c)  increase  in  b.p.  of  H20(i)  (d)  decrease  in  b.p.  of  H2O(0 

11.  Heating  a  II  group  metal  carbonate  leads  to  decomposition  as  : 

BaCO  3  (s)  ^  BaO(s)  +  CO  2  (g ) 

Equilibrium  will  shift  left 

(a)  by  addition  of  BaO(s)  (b)  by  addition  of  C02(g#) 

(c)  by  decreasing  the  temperature  (d)  by  decreasing  the  volume  of  the  vessel 

12.  N2(g)  and  H2(g)  are  allowed  to  react  in  a  closed  vessel  at  given  temp,  and  pressure  for  the 
formation  of  NH3(g)[N2(g)  +  3H2(g)  ^  2NH3(g)  +  22.4  kcal]  if  He(g)  is  added  at 
equilibrium  at  constant  pressure  then  which  is/are  correct  ? 

(a)  Concentration  of  N2(g),  H2(g)  and  NH3(g)  decrease. 

(b)  Moles  of  NH3(g)  decreases. 

(c)  The  extent  of  cooling  depends  on  amount  of  He(g)  added. 

(d)  Concentration  of  N2  and  H2  increases  and  concentration  of  NH3  decreases. 


WATCH  THE  COLUMN 


Column-I  and  Column-H  contains  four  entries  each.  Entries  of  Column-i  are  to  be  matched 
with  some  entries  of  Column-II.  One  or  more  than  one  entries  of  Column-I  may  have  the 
matching  with  the  same  entries  of  Column-II. 


1.  !  Coluniri4  ^ 

l 

(A)  CaC03(s)  ^  CaO(s)+  C02(g) 

(B)  CO(g)+Cl2(g)^COCl2(g) 

(C)  H2(g)  +  I2(g)^t  2HI(g) 

(D)  HCl(g)  H+(aq)+  Cl"(aq) 

2.  |  Column*! 

(A)  302(g)  203(g) 

(B)  S02(g)  +  ±02(g)  ^S03(g) 

(C)  2HF(g)  ^  H 2(g)  +  F2(g) 

(D)  C0(£)  +  3H2(g)^CH4(g)+H20(g) 

1  Column*! 

•  (Reaction)  ! 

(A)  2X(g)^  I'(g)+Z(g) 

(B)  X(g)*±  yd)  +  2(g) 

(C)  3X(g)^  y(g)+z(g) 

(D)  2X(g)^  7(g)  +  2Z(g) 

4.;  Column-1 

(A)  N2(g)  +  3H2(g)^2NH3(g);AH=-ve 

(B)  N2(g)  +  02(g)^  2NO(g);  A H=  +  ve 

(C)  A(g)  +  Big)  **  2C(g)  +  Dig)- 
A H  =  +  ve 

(D)  PCls(g)  PCl3(g)  +  Cl2(g);  AH  =  +  ve 


j  Column-II 

(P)  Kp  >  Kc  above  room  temperature 

(Q)  Kp  =  Kc  above  room  temperature 

(R)  Kp  <  Kc  above  room  temperature 

(S)  Kp  and  Kc  not  defined 

n  ■ 

f.  Column-H 

(P)  no  unit 

(Q)  atm"1/2 

(R)  atm"1 
•  (S)  atm"2 

|  Column-II 

(If  a  is  negligible  w.r.t.  1) 

(P)  a  =  2  x  Jk~c 

(Q)  a  =  3  x  JiCc 

(R)  a  =  (2KC)1/3 

(S)  0=7^7 

Column-II 

(P)  K  increases  with  increase  in  temperature 

(Q)  K  decreases  with  increase  in  temperature 

(R)  Pressure  has  no  effect 

(S)  Product  moles,  increases  due  to  addition 
of  inert  gas  at  constant  pressure 


Column-1 


Column-II 


(A)  ^iot-r°c  _  2 

KT‘c 

(B)  ^104  r°c  _  _1 

K  fOQ  2 

(C)  A(g)  +  B(g)^C(g) 

CD)  X($)  +  Y(g )^Z(g) 

6.  [  Column-I 

(A)  Pressure  increased  in 
2NO(g)^  N2(£)  +  02(g) 

(B)  Pressure  increased  in 

CH4(g)  +  HaO(g)^  CO(g)  +  3H2(g) 

(C)  Temp,  increased  and  pressure  increased 

302(s)^  203(s); 

AH  =  285  kJ 

(D)  Pressure  decrease  and  moles  of  N2 
increased 

N2(s)  +  202(g)^  2N02(g); 

AH  =  66.4  kJ 

f  Column-I 

7. |  (Reactions) 


(A)  (A)  sy-S  is)  —  >“  (g) 

n -butane  isobutane 


(P)  Endothermic 

(Q)  Not  affected  by  pressure 

(R)  Exothermic 

(S)  Affected  by  volume 

Column-n 

(P)  Equilibrium  shifted  in  forward  direction 

(Q)  Equilibrium  shifted  in  backward  direction 

(R)  Equilibrium  remains  unaffected 

(S)  Theoretically  we  cannot  predict 
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(C)  N20 4(g)  ^  2NOz(g) 

1  Product 


(D)  Agl(s)  ^  Ag+  ( aq )  +  1“  (aq)  (S) 


^  ASSERTION-REASON  TYPE  QUESTIONS 

Each  question  contains  STATEMENT- 1  (Assersion)  and  STATEMENT-2  (Reason). 

Examine  the  statements  carefully  and  mark  the  correct  answer  according  to  the  instructions 
given  below  : 

(A)  If  both  the  statements  are  TRUE  and  STATEMENT-2  is  the  correct  explanation  of 
STATEMENT- 1 

(B)  If  both  the  statements  are  TRUE  but  STATEMENT-2  is  NOT  the  correct  explanation  of 
STATEMENT- 1 

(C)  If  STATEMENT- 1  is  TRUE  and  STATEMENT-2  is  FALSE 

(D)  If  STATEMENT-1  is  FALSE  and  STATEMENT-2  is  TRUE 

1.  STATEMENT-1  :  The  endothermic  reactions  are  favoured  at  lower  temperature  and  the 

exothermic  reactions  are  favoured  at  higher  temperature. 
STATEMENT-2  :  When  a  system  in  equilibrium  is  disturbed  by  changing  the  temperature, 
it  will  tend  to  adjust  itself  so  as  to  overcome  the  effect  of  change. 

2.  STATEMENT-1  :  The  melting  point  of  ice  decreases  with  increase  of  pressure. 
STATEMENT-2  :  Ice  contracts  on  melting. 

3.  STATEMENT-1  :  The  equilibrium  of  A(g)  B(g)  +  C(g)  is  not  affected  by  changing 

the  volume. 

STATEMENT-2  :  K c  for  the  reaction  does  not  depend  on  volume  of  the  container. 

4.  STATEMENT-1  :  For  a  chemical  reaction  at  initial  stage  rate  of  forward  reaction  (ry )  is 

greater  than  rate  of  reversed  reaction  (rb ) 

STATEMENT-2  :  When  ry  =rb,  chemical  reaction  is  at  equilibrium. 

5.  STATEMENT-1  j  For  the  reaction  A(g)  ^  B(g)  +  C(g),  Kp  =  1  atm.  If  we  start  with 

equal  moles  of  all  gases  at  9  atm  of  initial  pressure,  then  at  equilibrium 
partial  pressure  of  A  increases. 

STATEMENT-2  :  Reaction  quotient  Qp  >  Kp  hence  equilibrium  shifts  in  backward 
direction. 


6.  STATEMENT-1  : 
STATEMENT-2  : 

7.  STATEMENT-1  : 

» 

STATEMENT-2  : 

8.  STATEMENT-1  : 
STATEMENT-2  : 

9.  STATEMENT-1  : 
STATEMENT-2  : 

10.  STATEMENT-1  : 
STATEMENT-2  : 

11.  STATEMENT-1  : 

STATEMENT-2  : 

12.  STATEMENT-1  : 

STATEMENT-2  : 

13.  STATEMENT-1  : 

STATEMENT-2  : 

14.  STATEMENT- 1  : 

STATEMENT-2  : 

15.  STATEMENT-1  : 
STATEMENT-2  : 


The  gas  phase  reaction  PCI 3 (g)  +  Cl 2 (g)  ^  PCI s(g)  shifts  to  the  right 


on  increasing  pressure. 

When  pressure  increases,  equilibrium  shifts  towards  more  number  of 
moles. 

For  a  reaction  at  equilibrium,  the  Gibb’s  free  energy  of  reaction  is 
minimum  at  constant  temp,  and  pressure. 

The  Gibb’s  free  energy  of  both  reactants  and  products  increases  and 
become  equal  at  equilibrium. 

The  physical  equilibrium  is  not  static  but  dynamic  in  nature. 

The  physical  equilibrium  is  a  state  in  which  two  opposing  process  are 
proceeding  at  the  same  rate. 

Equilibrium  constant  for  the  reverse  reaction  is  the  inverse  of  the 
equilibrium  constant  for  the  reaction  in  the  forward  direction. 
Eqilibrium  constant  depends  upon  the  way  in  which  the  reaction  is 
written. 

If  Qp  <  Kp  reaction  moves  in  direction  of  reactants. 

Reaction  quotient  is  defined  in  the  same  way  as  equilibrium  constant  at 
any  stage  of  the  reaction. 

For  the  reaction  H2(g)  +  I2(g)  2HI(g)  if  the  volume  of  vessel  is 
reduced  to  half  of  its  original  volume,  equilibrium  concentration  of  all 
gases  will  be  doubled. 

According  to  Le-Chatelier’s  principle,  reaction  shifts  in  a  direction  that 
tends  to  minimized  the  effect  of  the  stress. 

The  equilibrium  constant  of  the  exothermic  reaction  at  high  temperature 
decreases. 


.  k2  a  hc 

Since  In  — -  - - 


Ji 


A  H°  =  -  ve  and  thereby; 


h 

k. 


and  for  exothermic  reaction. 


<1 


For  the  reaction  at  certain  temperature 
Mg)  +  B(g)  ^  ,C(g) 


there  will  be  no  effect  by  addition  of  inert  gas  at  constant  volume. 
Molar  concentration  of  all  gases  remains  constant. 

For  the  physical  equilibrium  H20(s)  H2O(0  on  increasing 

temperature  and  increasing  pressure  more  water  will  form. 

Since  forward  reaction  is  endothermic  in  nature  and  volume  of  water  is 
greater  than  that  of  the  volume  of  ice. 

The  catalyst  does  not  alter  the  equilibrium  constant. 

Because  for  the  catalysed  reaction  and  uncatalysed  reaction  A  H  remains 
same  and  equilibrium  constant  depends  on  A  H. 


i  t  SUBJECTIVE  PROBLEMS 

Nass*.  .... 

1.  If  50%  of  C02  converts  to  CO  at  the  following  equilibrium  : 

ic(s)  +  Ic02(g)^C0(g) 

and  the  equilibrium  pressure  is  12  atm.  Calculate  Kp. 

2.  Calculate  partial  pressure  of  B  at  equilibrium  in  the  following  equilibrium 

A(s)  ^  B(g)  +  2C(g);  Kp  =  32atm3. 

3.  In  a  gaseous  reaction  A +  2B  2C  +  D  the  initial  concentration  of  B  was  1.5  times  that  of  A. 
At  equilibrium  the  concentrations  of  A  and  D  were  equal.  Calculate  the  equilibrium  constant 

Kc- 

4.  For  the  reaction  A(g)  B(g);  Kc  =  10 

B(g)^±C(g);  Kc  -  2 
C(g)  ^  D(g)  ;  Kc  =  0.01 
Calculate  Kc  for  the  reaction  D(g)  ^  A(g). 

5.  5  litre  vessel  contains  2  moles  of  each  of  gases  A  and  B  at  equilibrium.  If  1  mole  each  of  A  and  B 
are  removed.  Calculate  Kc  for  the  reaction  A(g)  ^  B(g). 

6.  Calculate  Kp  for  the  reaction  A(g)  ^  B(s)  +  2C(g)  ;  Kc  =  0.2  at  305  K. 

7.  A  mixture  of  3  moles  of  S02j  4  moles  of  N02>  1  moles  of  S03  and  4  moles  of  NO  is  placed  in  a 

2.0L  vessel.  S02(g)  +  N02(g)  S03(g)  +  NO(g). 

At  equilibrium,  the  vessel  is  found  to  contain  1  mole  of  S02.  Calculate  the  value  of  Kc: 

8.  The  density  of  an  equilibrium  mixture  of  N204  and  NOz  at  1  atm  and  373.5 K  is  2.0g/L. 
Calculate  Kc  for  the  reaction  N204(g)  ^  2N02(g) 

9.  If  chemical  equilibrium  is  attained  at  standard  states  then  what  is  the  value  of  AG°  ? 

10.  Calculate  the  equilibrium  concentration  ratio  of  C  to  A  if  equimolar  ratio  of  A  and  B  were 
allowed  to  come  to  equilibrium  at  300  K. 

A(g)  +  B(g)  ^  C(g)  +  D(g)  ;  AG°=-830caL 

11.  A  definite  amount  of  solid  NH4HS  is  placed  in  a  flask  already  containing  ammonia  gas  at  a 
certain  temperature  and  0.1  atm  pressure.  NH4HS  decomposes  to  give  NH3  and  H2S  and  at 
equilibrium  total  pressure  in  flask  is  1.1  atm.  If  the  equilibrium  constant  Kp  for  the  reaction 
NH4HS(s)  ^  NH3(g)  +  H2S(g)  is  represented  as  z  x  10"1  then  find  the  value  of  z. 


3.  (C) 


bQQQ 


Passage- 1: 

1. 

(b) 

2. 

(d) 

3. 

(c) 

Passage-2: 

1. 

(a) 

2. 

(b) 

3. 

(b) 

Passage-3: 

1. 

(a) 

2. 

(d) 

3. 

(0 

Passage-4: 

1. 

(b) 

2. 

(a) 

3. 

(b) 

4.  (a) 


One  or  More  Answers  is/are  correct 


1.  (b,c,d) 

2.  (a,b,c) 

3.  (c,d) 

9.  (a,b,d) 

10.  (a,c) 

11.  (b,c,d) 

Match  the  Column 

1.  A  -►  P; 

B-»  R; 

C->Q; 

2*  A  — >  R; 

B->  Q; 

C->  P; 

3*  A  — ^  Pj 

B  ->  S; 

C-*Q; 

4.  A  ->  Q; 

B->  P, 

R;  C  -4  P,  S 

5.  A->  P; 

B  — >  Rj 

C  -4  S; 

6.  A  — >  R; 

B->Q; 

C  -4  P; 

7-  A  -4  Q; 

B  -+S; 

C  -+  P; 

Assertion-Reason  Type  Questions 

1.  <D)  2.  (A)  3.  (0)  4.  (B) 

11.  (B)  12.  (A)  13.  (A)  14.  (C) 


4.  <a,c)  5.  (a,ctd)  6.  (c,d)  7.  (a,b,c) 

12.  <a,b(c) 


D->  S 
D-4  S 
D-»R 
D  ->  P,  $ 

D  Q 
D  -»  S 
D  ->  S 

5.  (A)  6.  (C)  7.  (C)  8.  (A)  9.  (A) 

15.  (A) 


Subjective  Problems 

1.  4  2.  2  3.  4  4.  5  5.  1  6.  5  7.  9  8.  2  9.  0 


8.  (c,d) 


10.  (D) 


10.  2 


Hints  and  Solutions 


Level  1 

2.  (b)Qc=^!=il^=2 

[P<(g)J  (3/2)  3 

\2 


47.  (c)  Ptoml  =  3P 


7.  (a)  Qc  = 


total 

p  =.°4i8  =o.l06 


K'p  =*4P3  =  4.76  x  1CT3 


9 

8 


54.  (b)  H2(g)+C02(g)^  H20(g)+C0(g) 

moles  of  eqm  0.8-  x  0.8 -x  x  x 

0.8  -  X 


Qc  <  Kc  so  reaction  will  proceed  in  forward 
direction. 


36.  (a)  K.  =  =  (4  *  0  3)4  =  2. 


p  P 0.70 


96 


39.  (c)Kp=Fr 


SsC*) 

1 


H2C(*) 


rH2CXs) 


r  ^ 

KTp 


=>  (10-,2)I/4=10“3atm 

.-.  /Cp  =  10-3  x  760  =  0.76  ton- 
40.  (c)  PHz0  =  2xl0-2  atm 

RR.  ^.760^00 

38 


42*  (b) 


=  40% 

ATc=^ix4 

a2  V2 


16  = 


2  x  2s 
21  xV2 


V  =  i 
2 


45.  = 

[H2(g)J 

=>  8  x  10-2  =  - 


(HjSCg))  = 


0.3  -* 

*  =  0.022 
0.022 


=  0.011  M 


cone,  at  eqm 


V  An,=0 


(!)  (!) 


Kc= — — - 

m 


2= - 


0.8 -x 

=>  x  =  0.533 

rrr,  t  m  0.8-0.533 
[C02(g)]  = - - - 

5 

55,  (b)  For  ideal  gas  mole  %  a  volume  % 
N20 4(g)  ^  2N02(g) 

Initial  moles  a  0 

at  eqm  o(l  -  a)  2  a  a 

As  per  given  original  volume 

=  x  Volume  at  eqm 
100 

at  constant  T  and  P  :  V  oc  n 
a  =  0.75  xa(l  +  a) 

=>  a  =  0.33 

C0  +  H20  co2  +  h2 

x  o 
Or  + 1)  1 


56.  (b) 


Initial  cone.  3  3 

At  eqm  2  2 


67.  (a) 


5=<£±I)  =  20  =  *  +  1 

4 

x  =  19 

Mt-Mq 


(n  -  1)M0 


Q.2=92-Mo 

M„ 


Mn  =  76.66 


68.  (c) 


RT 

1  x  76.66 
’  0.821  x  300 

57.47 
99  -  57.47 


=  3.11  g/litre 


70.  (a) 


57.47 

I  A2(g)+B2fe)  ^ 

Initial  cone.  10/2  15/2 

at  eqm  5  -  x  7.5  -x 

2.5+  2x  =7.5 
=>  x  =  2.5 

,=^1  =  4.5 


=  0.72 


2AB(g) 


71.  (a) 


c  2.5  x  5 

H2(i)+S(s)  ^  H2S(£) 


Cone,  at  eqm  0.5  -x  — 


74.  (d)  Moles  of  C02  present  at  equilibrium 

1.642  x  50 
""  0.0821  x  1000  " 

Mole  %  of  XC03  decomposed 

=  i  x  100  =  25% 

4 

Hence,  75%  remains  undecomposed. 

75.  (b)  Let  initial  moles  of  H2(g)  is  1 

Fe203(s)  +  3H2(g)  ^  2Fe(s)  +  3H20(g) 


=>  x  =  0.22 

%  of  H2  unreacted 


1-3x0.22 


x  100  =  34 


7  xlO  2  =  — — 


x  =  0.0327 

P  _f”M) 

%2s-  v 


=  0.0327  x  0.0821  x  360  =  0.966 
72.  (c)  The  gaseous  mixture  contains  40%  Cl2  and 
40%  PCI  3,  since  they  are  produced  in  1  :  1 
mole  ratio.  The  PC15  %  is  20. 

For  ideal  gases  mole  %  =  volume  % 

^ci2=Jpci3 

=>  2  x  0.40  =  0.80  atm 

PPCi5  =  2  x  0.2  =  0.40  atm 

V  .  pPCi3-pq2 


76.  (c) 


AB3(g)  ^  AB2(g)+-B2(g ) 


At  eqm  800 -x  x  x/2 

800  -  x  +  x  +  -  =  900  x  =  200 
2 

%  dissociated  =  -^2  x  100  =  25 
800 

77.  (b)  Let  P  is  initial  pressure  of  N02 

2NO 2(g)  ^  2NO(g)+  02(g) 
At  eqm  P  -  2x  2x  x 

as  per  given  x  =  0.25 

vr  (2X)2  (X) 


156.25  = 


(p  -  2xr 

(0.5)2  (0.25) 


0.80x0.80 


=  1.6  atm 


73.  (a)  For  an  ideal  gas  mole  %  =  volume  % 


=>  ^no2  "  002 

78.  (b)  2NOC1  (g)  ^  2NO(g)  +  Cl 2(g) 

At  eqm  P  -  2x  2x  x 

P  +  x  =  1;  P  -2x  -  0.64,  x  =  0.12 
(0.24)2  (0.12) 
p  (0.64)2  ’ 

=  16.875  xlO'3  atm 


PROBLEMS  IN  CHEMISTRY 


w  o.-hj-1 

v  Qc  >  Kc  so  reaction  will  proceed  in 
backward  direction 


A2(g)  +  B2(g)  C2(g)  +  D2(g ) 


Cone,  eqm 


0.25  = 


M 

(^1 


x  =  0.333 


[A2(g)]  = 


1  +  x  1.333 


(d)  JCc=[Hg(g)];P=CRr 

C  =  (2™?\  1 

l,  760  J  (0.0821  X  300) 
=  1.068  xlO'7  M 


(b)  Kc 


n*2  nB2 


1_.XV: 


ntota1-^Z' 


2s  f  10  X  0. 
“  5x32  *1 


0821  x  300 i 


.  (d)  Concentration  of  all  gases  increases  and 
equilibrium  shifts  toward  less  no.  of  moles 
but  new  equilibrium  concentration  of  every 
gas  would  be  higher  than  earlier. 

.CO  ln^=A»![i_J-]  . 

Kp,  ft  I7l  T2i 


=  In  1 12_  I  -  25 

“  n  [lO^J  "  8.314  1^298  X  323 

A  rH°  =  147.41  kJ/mol 
.(a)  ArG°  =  ArH°-TArS° 

=  -30-300x0.1  =  0 
ArG°  =  -  2.303  RT  log  K 
K  =  1 

•(d)  P Kjtai  =  0.2bar 

At  equilibrium  Pq^  =  PHi0  =  0.1  bar 


Kp  =  (0.ir  =0.01 

A,G°  =  -Rr  In  Kp 

=  -  8.314  x  420  In  (0.01)  * 

=  16083.6  J/mol  or  16.083  kJ/mol 


Level  2  . _ 

1.  (a)  C(s)  +  C02(g)^  2CO (g);  ...(1) 

=  1014  atm 

2CO(g)+  2Cl2(g)  ^  2COCl2(g);  ...(2) 
/fpj=(6xl0"3)2atm"2 
Add  (1)  and  (2) 

.  C(s)+C02(g)+2Cl2(g)  ^  2COCl2(g); 

Kp  =  1014  x  36  x  10-6 

=  36x10® 

For  given  reaction  A  ng  =  - 1 
Kc=Kp(RT ) 

=  36x10®  x  0.0821  x  1120 


2.  (c) 


Kc  =  3.31  x  10  AT 
N2(g)  +  3H2(g)  q* 


2NH3(g) 


Initial  moles 


where  x  -  0.S 


equilibrium  constant  for  the  reaction 
NH3(g)  ^  ^N2(g)+|H2(g) 


1  1 
C  =  y[Ke  "  16 

3.  (c)  A2(g)+B2(g)^ 

Moles  at  eqm  2  -  x  A  -  x 


2AB(g) 


'  (2-  x)(4  -  x) 

32 

x  =  —  =  1.33  mole 
24 


[A£S(g)] 


2x1,33 

4 


:  0.66  Af 


4.  (d) 

^total  ”  ^HN03  +  +  *H20  +  ?02 

v  Pm2  -  4P q2  and  PHz0  =  2P02 

•**  ^total  =  ^HN03  +  7  ^02 

=>  30  -  2  =  Pfy  x  7 


„  28  „ 
po2  -  y~  4 


-0.05+  J(0.05)2  +  4x0.05 


-  0.20  atm 


Pno2*  ph2Q'  po2 


_  (4  X  4)4  X  (2  X  4)  X  4  _  20 
24 

Kp  =  Kc  C RTf  *  =  Kc  (0.08  x  400)3  * 

^20 

Kr  =  — — »  =  32 


5.  (d)  LiCl  •  3NH3(s)  ^  LiCl  •  NH3(5)  +  2NH3Cg); 
[Kp  =  9  atm2] 

Therefore, 

LiCl  •  NH3(s)  +  2NH3(g)  ^  LiCl  •  3NH3(s); 


Initial  moles  0. 1 

Final  moles  at  eqm  0 


(a -0.2) 


U.-L 

K'p  =  ^  (atm)-2 


Let  initial  moles  of  NH3  is  a  for  completion 
of  reaction. 

A  Brf  1  11 

At  eqm  K'  = - v  or  -  = - ^ 

P  (P'nh3  )2  9  (P'NH3)2 

^fNH3-3atm 

v  PV  =  nRT  3  x  5  =  n  x  0.0820  x  310 
,\  n  =  0.59  i.e.j  (a  -0.2)  =  0.59 
initial  moles  of  NH3  -  0.79 
6.  (c)  NH2COONH4(s)  ^  2NH3(g)+C02(g) 

Let  partial  pressure  at  equilibrium  of  C02  be 
P,  then  PNH3  =  2P  and  total  pressure  at 

equilibrium  =  3P 

Kp  =  (2P)2  x P  -  4P 3  ...CD 

If  NH3  is  added  and  the  pressure  of  NH3 
after  addition  at  equilibrium  is  3 P 

ifp  =  4P3=(P'NH3)2xP'co2 

=>  p'co  2=%P 

ratio  of  — =  — 


7.  (c)  C2H6(g)  **  C2H4(g)+H2(g) 


At  eqm  1  -  x 

K  PWP*2  ^  _ 

P  A*.  1 

x2  +  0.05  x  -  0.05  =  0 


5  x  10“2 


8.  (a) 


Partial  pressure  of  C2H6  =  mole  fraction 

x  total  pressure 

=>  0.80  =  mole  fraction  x  1.2 

mole  %  of  C2H6  =  —  x  100  =  66.66 

2  6  1.2 

l  2NOBr(g)  ^  2NO(g)  +  Br2(g) 

Initial  pressure  P  0  0 

at  eqm  P  -  2x  2x  x 

where  2x  =  0.40  P 
=>  x  =  0.20  P; 

=*»  %  1.20  P  =  0.30 

P=  0.25  atm 
„  _  Pno  '  ^Br2 


(0.4P)2  (0.2P) 
(0.6P)2 


-  0.0222 


Kp  for  the  reaction 
2NO(g)  +  Br2(g)  ^  2NOBr(g) 

is — —  =  45 

0.0222 

9.  (c)  v  Initially  only  A  is  present  so  at  eqm  B  and 
C  should  be  present  in  2  :  1 

2 A(g)  ^  2B(g)  +  Cfe) 

At  eqm  400  mL  200  mL  100  mL 

for  ideal  gases  volume  %  =  mole  % 


10.  (c)  S02(g)  +  N02(g)  ^  S03(g)+NQ&) 

Initial  moles  2  2  2  2 

at  eqm  2-x  2-x  2  +  x  2  +  x 

(v  Qp<Kp) 

Total  no.  of  moles  of  gases  at  equilibrium 
=  8+2-10 
K  jsty+NO 
P  Pso2Pm2 


Partial  pressure  of  N02 


11-  (b)  3 Se2(g) 

moles  at  eqm  a(l-a) 


10 

0.133  atm 
*  Se6(g) 


Observed  no.  of  moles  at  equilibrium  _  Mr 
Initial  no.  of  moles  of  reactant  Mr/ 


a(l  -  a)  + 


a  =  0.31S 


where  molar  mass  of  Se2 
(Mr)  =  79  x  2  =  158 
and  molar  mass  of  mixture 
rM  wRT  ^  0.02  x  24.63 

0  PV  'lx 2.463 X 10-3 


12.  (d)  6HCHO 

Cone,  at  eqm  0(1  -  a) 


^6H12^6 


Observed  moles  concentration  _  Mr 
Initial  moles  concentration  M0 
Mt  -  Theoretical  molar  mass  of  HCHO 
C(1  —  a)+  —  Mr  3Q 


=>  a  —  0.96 

13.  (b)  2SOz(g)+  02(g)  ^  2S03(g) 

:J012^^2 

(0.12)2  x  5 


Another  vessel 

2S02Cg)+  02(g)  ^ 

moles  at  eqm  0.5 -2x  y~x 
20 

as  per  given  2x  = - x  0.5  =  0.1 

100 


2SD3(g) 


f1)2  =  0.20 

C0.4)2  c y  -  0.05) 
y  -  0.3625  mole 
mass  of  02  added  =11.6  g 


14.  (b)  Let  initial  mole  of  N204(g)  is  one 
N20 4(g)  ^  2N02(g) 

Initial  moles  1  0 

At  equilibrium  1  -  a  2a 

Total  no.  of  moles  at  equilibrium  =  1  +  a 
p  _ 1 ”a  vp 

*N204  -  “ 

24  1  +  a 


Hence,  K. 


(1  +  a) 
pno2  _  4a2 


(1  -  a2) 


4.5=  4a  x2 
Cl  -  a2) 


a  =  0.6 

Mole  fraction  of  N204  : 


Average  molar  mass  of  mixture 

=  0.25  x  92  +  0.75  x  46  =  57.5 

15.  (a)  2 AB(s)  ^  A2(g)  +  B2(g) 

0.5  +  x  x 

*p  =  Vp®2 

=>  0.06  =(0.5+  x)  x 

=  x2  +  0.5*  -  0.06 
=>  x  =  0.1 

I’tota]  =  pa2  +  pn2  =  0-6  +  0-1  =  0.70  atm 

16.  (a)  Sb2S3(s)  +  3H2(g)  - >  2Sb(s)+  3H2SCg) 

0.01 -x  0.01-3*  2x  3x 

where  3x  =  0.005 
H2S  +  Pb2+  - >  PbS  +  2H+ 

no.  of  moles  of  PbS  formed 
1.19 

=  —  =  0.005 mole 
238 

A.eqmtHa)-r^1-f-01  -005); 

I  250  l  250  ) 


At  eqm[H2]  = 


17.  (a) 


2A(gy+B(g)  ^  C(g)  +  D(g) 


Initial  moles 
at  eqm 


18.  (b)2C,= 


Due  to  very  high  value  of  Kc  we  can  assume 
that  reactant  almost  converted  irito 
products  so 

1  -x=y;  2  -  2x  =  2y  =>  x-1 
(2 yfy 

=>  y3  =  8  xlO-12 

equilibrium  concentration  of 
A  =  2y  =  4  x  lCT4 

_JamgtaO__o.SK) 

[H3BO3]  [glycerin] 

[complex]  80 
[H3BO3]  ”  20 

[glycerin]  =  — — —  -  4.44  M 
6  20x0.9 

H3BO  3  +  glycerin  ^  (H3B03  -  glycerin) 

0.1-x  a-x  x 

on 

x  -  0.1  X—  =  0.08; 

100 

a  -  x  =  4.44 

=>  a  =  4.44  +  0.08  =  4.52  M 

or  Initial  moles  =4.52 


21.  (d) 


=»  2.56  =  — — 

^  mix 

^  •  ^mixture  ”  ^5 

Let  mole  fraction  of  F2  is  x 
25  _  38  xx  +  (1  -  x)  x!9 
’•  1 
x  -  0.315; 


(0.685  Pf  _ 
(0.315P) 


1.49atm 


22.^  (b)  8  xi0~6  =  ■ 


19.  (c)^L  = 

Tr, 


Mmix  =  40g/mol 


pOH  =  2.7 
So,  pH  - 11.3 

23.  (c)  ArG°  -  0  ~  77.1  x  2-  -154. 2  kJ/mol 

[H+]2 


V[A«] 


0.5  x(10-10) 


=  2  x  104 


AG  =  ArG°  +  RT  InQ 

1542+M14x3001n(2x^ 
r  1000 
=  -129.5  kJ/mol 


Initial  moles 


24.  (d) 


NoO  +  On 


1  -  a  +  -  a 
_ 3 


a  =  0.6 
%  a  =  60 


20.  (c) 


)  2S03(g)  ^  2S02(g)  +  02(g) 

moles  at  eqm  1  -  2x  2x  x  , 

Only  SO  2  (O.  No.  =  4)  will  oxidized 
so  equivalent  of  S02  =  equivalent  of  KMn04 
2x  x  2=  0.2  x  5 
rr>  2x  =  0.5 

f  0.5^  2  ( 0.25^ 


[02]  =  x  +  y  =  2.5 

and  2.5=(*  +  j0(*-30 
4-  x 


x  =  2.166 

[N205]  =  4  ~  x  =  1.846 

25.  (b)  Let  x  is  partial  pressure  of  A  and  y  is  partial 
pressure  of  C  when  both  equilibrium 
simultaneously  established  in  a  vessel 
4  X(S)  ^  Afe)  +  28(g) 

x  (2x  +  2 y)  ; 

<•  KPi  ~PA  PBC total) 


Y(s)  ^  C(g)  +  28(g) 
y  (2y+2x); 


~^C  '  PB  ( total ) 


— —  =  —  =>  x  =  2y 
Kfc  y 

Kn  =  x(2x  +  2 yf 

=>  x  -  0.1  atm; 

y  -  0.05  atm 

Total  pressure  of  gases  =  PA  +  PB  +  pc 
=  3 (x  +  y) 

=  0.45  atm. 


Level  3 

Passage-3 


N203(g)^N02(g)+N0(g)  ;  Kft=2.5bar 
2N02fe)^N204(g)  ;  K. 


rNO=X  =  l.DU 

„  _PnoPno2 

A  „  — - 

A  D 

^N203 

,(,-y),1.50.5-y) 

2-x  2-1.5  ' 


=>■  y  =  -  Bar 
J  3 

(UJfcjQ,  =2-x  =  2-0.5  =  0.5b 


(2)  Pm=x-y  =1.5--  = 


(3)  K»- 


3  3 

2/3 


2(x-yf 


=  0.48  b"1 


One  or  More  Answers  is/are  correct 

6.  (c,  d)  Le  Chatelier’s  principle  is  not  quantitative. 
If  both  stress  would  cause  the  same 
direction  of  shift,  the  shift  is  determinable.  If 
the  two  stresses  would  cause  shifts  in 
opposite  directions,  no  deduction  is 
possible. 

Subjective  Problems 

11.  NH4HS(s)^NH3(g)  +  H2S(g) 

At  eqm.  -  (CQ  +  P)  P  ; 

As  per  given  Q1  +  2P  =  LI;  P  =  Q5 

^p=Pnh3Ph2s  =  (0.1  +  P)xP 
=  0.6x0.5  =  0.3  =  3xl0_1  =3 


A 

+  nB 

mC 

t  =0 

m 

12M 

t  =teq. 

8-x 

12- nx 

mx 

Given: 

Me,  = 

=  6M 

8  -  x  —  6 
x  =  2 M 
lB]eq=8M 
12- nx  =  8 
n(2)  -  4 
n  =  2 

[C]eq  =  6 M 
mx  =  6 
m(2)  =  6 
m  =  3 


m  +  n  —  3+2=5 


Arrhenius  Theory 

When  dissolved  in  water,  the  substances  which  releases 

(i)  H+  ions  are  called  acids  e.g.  HN03,  HC104,  CH3COOH, 

(ii)  OH"  ions  are  called  bases,  e.g.  NaOH,  KOH,  NH4OH 

Bronsted  -  Lowry  Protonic  Concept  :  acid  is  H+  donor  and  base  is  H+  acceptor 

Conjugate  acid  and  base 

To  get  conjugate  acid  of  a  given  species  add  H+  to  it.  e.g.  conjugate  acid  of  N2H4  is  N2H5. 

To  get  conjugate  base  of  any  species  subtract  H+  from  it.  e.g.  Conjugate  base  of  NH3  is  NH2. 

HC1  is  an  acid  while  its  conjugate  ion  Cl"  is  a  base. 

HCO3  can  donate  proton  as  well  as  can  accept  proton  hence  amphiprotic. 

Lewis  Concept  :  Acids  are  substances  which  accept  a  lone  pair  of  electrons  to  form  a 
coordinate  bond  and  bases  are  the  substances  which  donate  a  lone  pair  of  electrons  to  form  a 


coordinate  bond. 

❖  Lewis-acid  is  lone  pair  acceptor  ;  Lewis-base  is  lone-pair  donor. 

Ostwald  dilution  law:  Applicable  for  weak  electrolytes  (weak  acids/bases) 


If  a  is  negligible  with  respect  to  1  (a  <  0.5),  than  for  mono  basic  acid  and  mono  acidic  base. 

Kc=Ca2  or 


So 


a  cc  or  a  cc  Vv 

a/C 

at  infinite  dilution  a  reaches  its  maximum  value,  unity. 


where,  V  is  the  volume  of  solution 
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Presence  of  other  solute  (Common  ion  effect) 

Degree  of  ionisation  of  a  weak  electrolyte  is  suppressed  by  the  addition  of  a  substance  having  an 
ion  common  to  weak  electrolyte  is  known  as  common  ion  effect. 

Ionic  Product  of  Water 

Pure  water  is  weak  electrolyte  and  dissociated  as: 

H20  H+  +  OH- 

Before  dissociation  COO 

After  dissociation  C(l-a)  Ca  Ca 

K  _  tH+][OH~] 
eq'  [H20] 

where,  Kcq  is  dissociation  constant  or  equilibrium  constant  of  water.  Since,  dissociation  of  water 
is  too  less  and  undissociated  H20  can  be  taken  as  constant,  therefore 

'  Keq[ H20]^[H4][0H-] 

Kw  =[H+][OH-]  ' 

The  new  constant  Kw  is  known  as  ionic  product  of  water.  The  numerical  value  of  Kw  increases 
considerably  with  temperature.  It  is  1.0  x  10-14  at  25°C.  The  variation  of  ionic  product  of  water  with 
temperature  is  given  by 

KW2  _ArH[T2-Tl] 


K«,.  =■ 


pH  CONCEPT 

t  S.  Sorenson  used  a  new  term  pH  to  express  the  hydrogen  ion  concentration. 
pH  =  -log[H+]  or  pH  =  -log[H30+]  or  [H+]  =  10-pH 

For  simplicity  hydrogen  ions  are  simply  written  as  H+,  with  the  understanding  that  H+  ions  in 
solution  are  always  solvated. 

❖  Ionic  product  (auto  ionisation  constant)  of  water 
Kw -lxlO-14  =  [H30+][0H-]at298K 

<•  Kw  increases  with  increase  in  T 

❖  pH  -i-  pOH  =  pK „  =  1 4  (at  298  K) 

❖  For  weak  acid  and  its  conjugate  base 

KaKb  =KW 

or  pKa  +  pKb  =  pKw  =  14  (at  298  K) 


pH  calculation  of  weak  acid  (HA) 

HA(aq)  ^  H+  (aq)  +  A~(aq) 

Initial  cone.  C  -  - 

Cone,  at  eq.  CO  -  a)  Ca  Ca 

tr  _  2 

^ a 

1  -a 

if  a  «1;  Ka  *Ca2 


pH  calculation  of  weak  base  (BOH) 

BOH(aq)  ^  B+(aq)  +  OH-  (aq) 
Initial  cone.  C 

Cone,  at  eq.  C(1  -  a)  Ca  Ca 


if  a  « 1;  Kb  *Ca2 


[H+]=Ca=jKj:  [OH-]=Ca=^C 

pH  =  -^  (,pKa  -  log  C)  pOH  =  (pKb  -  log C ) 

a  =  Degree  of  ionisation  a  =  Degree  of  ionisation 

Ka  =  ionisation  constant  of  weak  acid  Kb  --  ionisation  constant  of  weak  base 

pH  Calculation  of  mixture  of  two  weak  acid  HA  and  HB  : 

'  [H+]  =  Jk^Tk^  ;  if  04  and  a2  of  both  acids  are  negligible  w.r.t.  unity. 

Kai  and  Kan  are  ionization  constant  of  HA  and  HB  respectively. 

Cj  and  C2  are  concentration  of  HA  and  HB  respectively. 

pH  calculation  of  mixture  of  two  weak  base  AOH  and  BOH. 

[OH-]  =  c[  +  KblC2  ;  if  aj  and  a2  of  both  bases  are  negligible  w.r.t.  unity. 

arid  Kb2  are  ionization  constant  of  AOH  and  BOH  respectively. 

C,  and  C2  are  concentration  of  AOH  and  BOH  respectively. 


Salt  Hydrolysis 

❖  Hydrolysis  is  the  interaction  of  cation/anion/both  ions  of  the  salt  with  H20 

❖  Salt  of  strong  acid  (SA).  and  strong  base  (SB)  is  not  hydrolysed  ;  solution  is  neutral,  pH  =  7  at 
25°C. 

❖  Salt  of  SA  and  weak  base  (WB)  is  acidic  due  to  hydrolysis  of  cation 


h  =  degree  of  hydrolysis 


K  Ch 

—  ,  Kh  (hydrolysis  constant)  = - 

C  (1- 


(1-h) 


pH  =  7  ~^(pKb  +  logC)  At  25°C 


❖  Salt  of  weak  acid  OVA)  and  SB  is  alkaline  due  to  hydrolysis  of  anion 


pH  =  7  +^(PKa  + logo  At  25°C 

❖  Salt  of  WA  and  WB  is  neutral  (Ka  =Kb\  acidic  (Ka  >  Kb)  and  basic  (Kb  >Ka)  due  to 
hydrolysis  of  both 

h=J^=^  ’  PH=7  +  UpKa-pKb)  At  25°C 

\KaKb  Z 

♦>  For  amphiprotic  salt  like  HS“,  HCO3 ,  pH  =  or  [H+]  =  yjK1K2 


( iCj  =  first  ionisation  constant,  K2  =  second  ionisation  constant  of  acid) 

Buffer  Solutions  are  the  solutions  whose  pH  does  not  change  significantly  on  adding  a  small 
quantity  of  strong  base  or  strong  acid. 

In  general  buffer  solutions  are  simple  (salts  of  weak  acid  and  weak  base),  or  mixed  buffer. 

Mixed  buffer  are  of  two  types  : 

(A)  Acidic  buffer  solutions  :  weak  acid  with  its  conjugate  base  : 
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made  by  mixing  a  weak  add  with  its  conjugate  base,  e.g.,  CH3COOH  with  CH3COONa,  NaHC03 
and  H2C03,  H3P04  and  NaH2P04. 

(B)  Basic  buffer  solutions  :  weak  base  with  its  conjugate  acid  : 

NH3  (aq)  with  NH4Cl(aq),  RNH2(aq.)  and  RNH3Cl(aq. )  etc, 

If  Ka  for  add  (or  for  base)  is  not  too  high,  we  may  write  : 

Henderson’s  Equation 

For  addic  buffer  solution  :  pH  -  pKa  +  log  ([salt]/ [acid]) 

For  basic  buffer  solution  :  pOH  -  pKb  +  log  ([salt]/ [base]) 

❖  For  good  buffer  capacity,  [salt]  :  [acid]  ratio  should  be  as  dose  to  one  as  possible.  In  such  a 
case, 

pH  =  pKa .  (This  also  is  the  case  at  midpoint  of  titration) 

A  „  .  No.  of  moles  of  add  (or  base)  added  per  litre  of  buffer  solution 

❖  Buffer  capacity  = - * - - - - - 

Change  in  pH 

Maximum  Buffer  Capacity 

It  can  be  proved  that  maximum  buffer  capacity  is  achieved  when  the  salt  and  acid  or  base 
concentration  is  equal. 

Indicators  :  Indicator  is  a  substance  which  indicates  the  point  of  equivalence  in  a  titration  by 
undergoing  a  change  in  its  colour.  They  are  weak  adds  or  weak  bases. 

Theory  of  Indicators  :  The  ionized  and  unionized  forms  of  indicators  have  different  colours. 
If  90  %  or  more  of  a  particular  form  (ionised  or  unionised)  is  present,  then  its  colour  can  be 
distinctly  seen.  In  general,  for  an  indicator  which  is  weak  acid,  HIn  H+  +  In',  the  ratio  of 
ionized  to  unionized  form  can  be  determined  from 

pH  =  pKa  +  log 

a  [HIn] 

So,  for  detectable  colour  change,  pH  =  pKa  ±1 

This  roughly  gives  the  range  of  indicators.  Ranges  for  some  popular  indicators  are 


Indicators 

pH  range 

Colour 

Acid  medium 

Basic  medium 

Methyl  orange 

3.1 -4.4 

red 

yellow 

Methyl  red 

4.2- €x3 

red 

yellow 

Phenolphathlene 

8.3-10 

colourless 

pink 

Equivalence  point:  The  point  at  which  exactly  equivalent  amounts  of  add  and  base  have 
been  mixed. 

Acid  Base  Titration  :  For  choosing  a  suitable  indicator  titration  curves  are  of  great  help.  In  a 
titration  curve,  change  in  pH  is  plotted  against  the  volume  of  alkali  to  a  given  add.  Four  cases  arise. 

❖  Strong  acid  vs  strong  base  :  The  curve  is  almost  vertical  over  the  pH  range  3.5-10.  This 
abrupt  change  corresponds  to  equivalence  point.  Any  indicator  suitable. 

❖  Weak  acid  vs  strong  base  :  Final  solution  is  basic  9  at  equivalence  point.  Vertical  region 
(not  so  sharp)  lies  in  pH  range  6.5-10.  So,  phenolphathlene  is  suitable. 
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❖  Strong  acid  vs  weak  base  :  Final  solution  acidic.  Vertical  point  in  pH  range  3.8-7.2. 
Methyl  red  or  methyl  orange  suitable. 

Weak  acid  vs  weak  base  :  No  sharp  change  in  pH.  No  suitable  indicator. 

Note  :  at  midpoint  of  titration,  pH  -  pKa,thus  by  pH  measurements,  K  a  for  weak  acids  (orKbfor 
weak  bases)  can  be  determined. 

Polyprotic  acids  and  bases  :  K2,K3  etc.  can  be  safely  neglected.  If  Kj  »  K2  »K3  and  only  Kl 
plays  a  significant  role  in  pH  calculation. 

Solubility  (S)  and  Solubility  Product  ( Ksp ) 

This  is  generally  used  for  sparingly  soluble  salts. 

Let  the  salt  is  Ax  By,  present  in  water.  Let  the  solubility  of  AxBy,  is  S 

AxBy(s)^  xAy+(aq)  +  yBx~(aq) 
xS  yS 

Ksp  =  (xS)x  •  ( ySV  =xxyy-  (S)x+y 

e.g..  For  sparingly  soluble  salts  (e.g.,  Ag2C204)  an  equilibrium  which  exists  as 
Ag2C204(s)  ^  2Ag  +  (aq. )  +  C  20  4-  (aq. ) 

Then  Ksp  =[Ag+]2[C20^] 

Ionic  product  (Q)  :  It  is  defined  as  product  of  concentration  of  all  the  ions  of  a  sparingly 
soluble  salt  at  time  ‘t\ 

❖  Case-1  :  If  Q  <  Ksp  then  solution  is  unsaturated  no  precipitation  takes  place. 

Case-2  :  If  Q  =  Ksp  then  solution  is  saturated. 

<•  Case-3  :  If  Q  >  Ksp  solution  is  super  saturated,  precipitation  takes  place. 

Common  ion  effects  :  Suppression  of  dissociation  by  adding  an  ion  common  with 
dissociated  products/  e.g..  Solubility  of  AgCl  decreases  in  presence  of  NaCl  (Cl-  ion  common)  OR  in 
presence  of  AgN03(Ag+  ion  common) 

AgCl(s)  ^  Ag +(aq)  +  Cl-  (aq) 

Solubility  in  water  At  eq.:  S  S 

Solubility  in  0.01  M  NaCl  At  eq.:  -  .  S’  (S'+0.01) 

Ksp  =[Ag+](Cl"]Xotal 

Ksp  =  S'  (S'4-0.01)  where  S’<S 

Simultaneous  solubility  :  When  two  sparingly  soluble  salts  are  present  in  water  with  atleast 
a  common  ion,  then  solubility  of  both  salts  decreases  e.g.,  AgCl  and  AgBr,  SrS04  and  BaS04 

e.g.  Calculate  simultaneous  solubility  of  AgCl  and  AgBr  in  the  solution. 

If  simultaneous  solubility  of  AgCl  and  AgBr  are  x  and  y  respectively. 

AgCl(s)  ^  Ag+  (aq. )  +  Cl"  (qq. )  AgCl(s)  ^  Ag  +  (aq. )  +  Cl"  (qq. ) 

(x+y)  x  At  eq.  -  (x+y) 

Kspi  (AgCl)  =  [Ag+  )Toial  (Cl- ]  Ksp2  (AgBr)  =  [Ag+ ]Total  [Br-] 

Kspi  =(x  +  y)x  Kspz  =(x  +  y)y 


At  eq. 


y 


Effect  of  complex  formation  and  hydrolysis  on  solubility :  Solubility  increases  due  to 
complex  formation  and  hydrolysis  of  anion  (cation/anion) 

Solubility  of  AgBr  in  aq.  sol.  of.NH3. 

Let  solubility  of  AgBr  is  x 

AgBr(s)  ^  Ag+  (aq)  +  Br“(qq)  ;  Ksp 

Ateq.  -  (x-y)  x 

Ag+(aq)  +  2NH3(aq)^Ag(NH3)£(aq)  ;  Kf 

At  eq.  Qc-y),  (z-2y) _ y _ 


Overall  AgBr(s)  +  2NH3  (aq) 

Reaction  at  eq.  -  .  [z-2y) 

Due  to  very  large  value  of  Kf  we  can  assume  y  «  x 


Ag(NH3  )3  (aq)  +  Br  (aq) 
y  x 


K 


sp 


Kf  = 


-2xy 


1.  Morphine  (Ci7H19N03),  which  is  used  medically  to  relieve  pain  is  a  base.  What  is  its  conjugate 
acid? 

(a)  C17H18N03  (b)  C17H18N03  (c)  Cj7H2oN03  (d)  Cj7H20N03 

2.  The  conjugate  base  of  H2P04  is  : 

(a)  H3P04  (b)  H2PO;  (c)  HPO^  '(d)  PO^ 

3.  The  strongest  Bronsted  base  in  the  following  anion  is: 

(a)  CN-  (b)Cr  (c)F  (d)Br'  ■. 

4.  Which  salt  can  furnish  H+  in  its  aqueous  solution? 

(a)  NaH2P02  (b)  Na2HP03  (c)  Na2HP04  (d)  All  of  these 

5.  Which  is  the  set  of  amphiprotic  species? 

(a)  H30+,  HPO^,  HCO;  (b)  H20,  HPOf“,  H2P02 

(c)  H2PO;,  H2P03j  H20  (d)  All  of  these 

6.  The  Ka  values  for  HPO2-  and  HS03  are  4.8  x  10“13  and  6.3  x  10-8  respectively.  Therefore,  it 

follows  the  HPO2-  is  a . acid  than  HSOj  and  PO3-  is  a . base  than  SO|“. 

(a)  weaker,  stronger  (b)  stronger,  weaker  (c)  weaker,  weaker  (d)  stronger,  stronger 

7.  Given  the  following  Ka  values,  determine  which  species  is  the  strongest  base. 

HSO^  =  1.2  x  1CT2  ,  H2PO;  =  6.3  x  10-8  ,  HC03  =  4.7  x  10~n 
(a)  CO|*  (b)  H2S04 

(c)  SO2’  (d)  HPO2" 

8.  Given  that  K*  for  water  is  1CT13  M2  at  62°C,  compute  the  sum  of  pOH  and  pH  for  a  neutral 
aqueous  solution  at  62°C  : 

(a)  7.0  (b)  13.30 

(c)‘  14.0  (d)  13.0 

9.  The  value  of  the  ion  product  constant  for  water,  ( K „,)  at  60°C  is  9.6  x  10-14  M  2 .  What  is  the 
[H30+  ]  of  a  neutral  aqueous  solution  at  60°C  and  an  aqueous  solution  with  a  pH  =  7.0  at  60°C 
are  respectively? 

(a)  3.1  x  10’"8,  acidic  (b)  3.1  x  10”7,  neutral 

(c)  3.1  x  10-8,  basic  (d)  3.1  x  10"7,  basic 

•  10.  For  pure  water  :  ' 

(a)  pH  increases  while  pOH  decreases  with  rise  in  temperature 

(b)  pH  decreases  while  pOH  increases  with  rise  in  temperature 

(c)  both  pH  and  pOH  decreases  with  rise  in  temperature 

(d)  both  pH  and  pOH  increases  with  rise  in  temperature 
11.  A  beer  has  a  pH  of  4.30.  What  is  the  [H30+]? 

(a)  3.0  x  10-4  (b)  2.0  x  10"4  (c)  2.0  x  10_s  (d)  5.0  x  10"5 
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12.  The  hydrogen  ion  concentration  of  the  oceans  is  about  2  x  10 -9M.  What  is  the  pH? 

(a)  8.85  Cb)  9.3  (c)  7.85  (d)  8.7 

13.  The  hydroxide  ion  concentration  of  a  wine  is  8  x  10'nM.  What  is  the  pH  of  the  wine? 

(a)  2.10  Cb)  2.9  (c)  3.9  (d)  4.9 

14.  The  pH  of  a  solution  is  5.  To  this  solution  acid  was  added  so  that  its  pH  value  becomes  2.0.  The 
increase  in  H+  concentration  is  : 

(a)  100  times  (b)  5  times  (c)  2.5  times  (d)  1000  times 

15.  A  solution  has  a  pH  =  9,  it  is  1000  times  more  basic  than  the  original  solution.  What  was  the 
pH  of  the  original  solution? 

(a)  12  (b)  6  (cj  '9  Cd)  10 

16.  Equal  volumes  of  two  HC1  solutions  of  pH  =  3  and  pH  =  5  were  mixed.  What  is  the  pH  of  the 
resulting  solution? 

(a)  3.5  (b)  4.0  (c)  4.5  (d)  3.3 

17.  pOH  of  0.002  M  HN03  is  : 

(a)  11  +  log  2  Cb)  11—  log  2  (c)  -3  +  log  2  (d)  None  of  these 

18.  Number  of  equivalents  of  HC1  present  in  100  mL  of  its  solution  whose  pH  is  4  : 

(a)  10-4  (b)  10-3  (c)  10-2  (d)  10-5 

19.  To  a  10  mL  of  10-3  N  H2S04  solution  water  has  been  added  to  make  the  total  volume  of  one 
litre.  Its  pOH  would  be  : 

(a)  3  Cb)  12  (c)'  9  (d)  5 

20.  The  pH  of  a  solution  of  H2S04  is  1.  Assuming  complete  ionisation,  find  the  molarity  of  H2S04 
solution  : 

(a)  0.1  Cb)  0.2  (c)  0.05  (d)  2.0 

21.  pH  of  a  strong  diprotic  acid  (H  2 A)  at  concentrations  : 

(i)  10^  M,  (ii)  10~4N 

are  respectively  : 

(a)  3.7  and  4.0  Cb)  4  and  3.7  Cc)  4  and  4  Cd)  3.7  and  3.7 

22.  Calcium  hydroxide  is  a  strong  base.  Compute  [Ca2+]  and  [OH-]  for  a  solution  that  is  prepared 
by  dissolving  0.60  g  of  Ca(OH)2  in  enough  water  to  make  a  1500  mL  of  solution. 

[Atomic  weights  :  Ca  =  40,  O  =  16,  H  =  1] 

(a)  5.4  x  10“3,  9.1  x  10-13  Cb)  5.4  x  10"3, 1.08  x  10-2 

(c)  5.4  x  10"3,  5.4  x  10-3  Cd)  8.1  x  10"3,  8.1  x  10"3 

23.  pH  of  10"6  M  HCKaq.)  is  : 

•  (a)  just  less  than  6  .  Cb)  exactly  equal  to  6 

(c)  just  greater  than  6  Cd)  just  less  than  7 

24.  10-5  M  NaOH  solution  at  25°C  is  diluted  1000  times,  the  pH  of  the  resultant  solution  will : 

(a)  be  equal  to  8  Cb)  lie  between  7  and  8 

(c)  lie  between  6  and  7  Cd)  remain  unchanged 

25.  4.0  g  of  NaOH  and  4.9  g  of  H2S04  are  dissolved  in  water  and  volume  is  made  upto  250  mL. 
The  pH  of  this  solution  is: 

Ca)  7.0  (b)  1.0 


Cc)  2.0 


Cd)  12.0 
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26.  A  25.0  mL  sample  of  0.10  M  HC1  is  titrated  with  0.10  M  NaOH.  What  is  the  pH  of  the  solution 
at  the  points  where  24.9  and  25.1  mL  of  NaOH  have  been  added? 

(a)  3.70,  10.70  (b)  3.30,  10.30  (c)  3.70,  10.30  (d)  3.0,  11.0 

27.  What  is  the  pH  of  a  solution  in  which  25.0  mL  of  0.1  M  NaOH  is  added  to  25  mL  of  0.08  Af  HC1 
and  final  solution  is  diluted  to  500  mL? 

(a)  3  (b)  11  (c)  12  (d)  13 

28.  What  is  the  pH  of  a  solution  in  which  10.0  mL  of  0.010  Af  Sr(OH)2  is  added  to  10.0  mL  of 
0.010  Af  HCl? 

(a)  2.30  (b)  1.50  (c)  11.70  (d)  7.00 

29.  At  90°C,  pure  water  has  [H+]  =  10-6  Af,  if  100  mL  of  0.2  Af  HCl  is  added  to  200  mL  of  0.1  Af 
KOH  at  90°C  then  pH  of  the  resulting  solution  will  be  : 

(a)  5  (b)  6  (c)  7  (d)  None  of  these 

30.  What  change  will  occur  for  the  following  reaction  if  the  hypochlorous  acid  solution  is  diluted 
from  0.1  to  0.01  Af? 

HOCl(aq.)  + H20(1)  OCT  (aq. )  +  H30+  (aq. ) 

(a)  a  decrease  in  the  fraction  of  acid  ionized 

(b)  an  increase  in  the  fraction  of  acid  ionized 

(c)  no  change  in  the  fraction  of  acid  ionized 

(d)  we  can  not  predict 

31.  Given  Ka  values  of  5.76  x  10"10  and  4.8  x  10“10  for  NH^  and  HCN  respectively.  What  is  the 
equilibrium  constant  for  the  following  reaction? 

NH^  (aq. )  +  CN“  (aq. )  ^  NH3(aq.)  +  HCN(aq.) 

(a)  0.83  (b)  1.2  (c)  8.0xl0'n  (d)  27.6  x  10'10 

32.  Which  is  the  strongest  acid  (pKa  value  is  given)? 

(a)  HCOOH  [3.77]  0)  C6H.sCOOH  [4.22] 

(c)  CH3COOH  [4.7]  (d)  CH3CH2COOH  [4.88] 

33.  Given  :  Enthalpy  of  ionization  of  two  acids  : 

AH°  (HCN)  =45.2  kJ  mol'1 

A H°  (CH3COOH)  =  2.1  kJ  mol"1 

which  relationship  for  the  two  acids  is  true 

(a)  pKa (HCN)  =  pKfl(CH3COOH)  (b)  ptf0(HCN)  >  pK  (CH3COOH) 

(c)  pKa  (HCN)  <  pKa  (CH3COOH)  (d)  pKa  (HCN)  =  pKa  (CH  3COOH) 

34.  What  is  the  hydronium  ion  concentration  of  a  0.25  Af  HA  solution?  ( Ka  =  4x  10_s) 

(a)  10-4  (b)  10'5  (c)  10'7  (d)  10'10 

35.  What  is  the  percent  ionization  (a)  of  a  0.01  M  HA  solution?  (iCa  =  10-4) 

(a)  9.5%  (b)  1%  (c)  10.5%  (d)  17% 

36.  Given  the  two  concentration  of  HCN  (Ka  =  10-9)  are  0.1  M  and  0.001  Af  respectively.  What 

will  be  the  ratio  of  degree  of  dissociation? 

(a)  1  (b)  0.1 


(c)  0.003 


(d)  0.01 


Iz  Kk  * 


37.  A  0.10  M  solution  of  HF  is  8.0%  ionized.  What  is  the  Ka ? 

(a)  6.4  x  10-4  (b)  8.8  x  10-4  (c)  6.95  x  10-4  (d)7.6xl0-4 

38.  A  weak  base  MOH  of  0.1  N  concentration  shows  a  pH  value  of  9.  What  is  the  percentage 
degree  of  ionization  of  the  acid? 

(a)  0.01%  (b)  0.001%  (c)  0.1%  (d)  0.02% 

39.  0.01  M  HA  ( aq .)  is  2%  ionized;  [OH-]  of  solution  is  : 

(a)  2  x  10"4  (b)  10"8  (c)5xlO-n  (d)5xl0-12 

40.  If  degree  of  ionization  is  0.01  of  decimolar  solution  of  weak  acid  HA  then  p/C0  of  acid  is  : 

(a)  2  (b)  3  (c)  5  (d)  7 

41.  What  concentration  of  HCOO-  is  present  in  a  solution  of  0.01  M  HCOOH  (Ka  =  1.8  x  10^*) 
and  0.01  JlT HC1? 

(a)  1.8  x  10-3  (b)  10-2  (c)  1.8  x  10-4  (d)  10-4 

42.  Chose  the  correct  code 


Column-I 

Column-II 

(P) 

pKb  of  X'  (K0  of  H X  =  10"6) 

(1) 

6.9 

(Q) 

pKb  oflO^M  HCI  V'' 

(2) 

8 

(R) 

pH  of  10-2  M  acetic  solution 
(Take  Ka  of  acetic  acid  =  1.6  x  10-5) 

(3) 

i 

10.7 

(S) 

pOH  of  a  solution  obtained  by  mixing  equal  volumes  of 
solution  with  pH  3  and  5. 

(4) 

3.4 

Codes  : 

P  Q  R  S 

(a)  1  2  4  3 

(b)  4  3  2  1 

(c)  2  1  4  3 

(d)  1  2  3  4 

43.  How  much  water  must  bp  added  to  300  mL  of  0.2  M  solution  of  CH3COOH  ( Ka  =1.8  x  10-5) 
for  the  D.O.I.  (a)  of  the  acid  to  double? 

(a)  600  mL  Cb)  900  mL  (c]  1200  mL  (d)  1500  mL 

44.  What  is  [NHj]  in  a  solution  that  contain  0.02  M  NH3  (Kb  =  1.8  x  10-5)  and  0.01  M  KOH? 

(a)  9xl0-6  Cb)  1.8  xlO-5  (c)  3.6  x  10-5  (d)  None  of  these 

45.  A  hand  book  states  that  the  solubility  of  RNH2(g)in  water  at  1  atm  and  25°C  is  22.41  volumes 
of  RNH2(g)  per  volume  of  water.  (p/C^  of  RNH2  =  4)  Find  the  max.  pOH  that  can  be  attained 
by  dissolving  RNH2  in  water  : 

(a)  1  (b)  2 


(c)  4 


(d)  6 
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46.  The  [H+]  of  a  resulting  solution  that  is  0.01  M  acetic  acid  (Ka  =  1.8  x  10  5)  and  0.01  M  in 
benzoic  acid  (fCa  =  6.3  x  10-5 ) : 

(a)  9  x  10-4  (b)  81  x  10-4  (c)  9  x  10-5  (d)  2.8  x  10-3 

47.  6.0  g  weak  acid  H A  (mol.  wt.  =  60  g/mol.)  is  dissolved  in  water  and  formed  10m3  solution. 

If  fCa(HA)  =  10-9,  then  pOH  of  solution  is  :  [Given  :  log  4  =  0.6] 

(a)  6.7  (b)  greater  than  6.7  and  less  than  7.0 

(c)  greater  than  7.0  and  less  than  7.3  (d)  greater  than  7.3 

48.  Carbonic  acid  (H2CO  3 ),  a  diprotic  acid  has  IC^  =  4.0x  10~7  andJCa2  =  7.0  x  10-11.  What  is  the 
[HC03]  of  a  0.025  M  solution  of  carbonic  acid? 

(a)  7.8  x  10-3  (b)  6.6  xlO-4  (c)  10-1°  (d)  1.0  x  10“4 

49.  Carbonic  add  (H2CO 3 ),  a  diprotic  acid  has  =  4.0x  10-7  andX<;2  =7.0  x  10-11.  What  is  the 
[CO3-]  of  a  0.025  M  solution  of  carbonic  acid? 

(a)  5.5 xlO-9  (b)  5.5 xlO-8  (c)  7.0  xlO-9  (d)  7.0 xlO-11 

50.  Selenious  acid  (H2Se03),  a  diprotic  acid  has  =  3.0  x  10-3  and  Ka2  =  5.0  x  10-8.  What  is 

the  [OH-]  of  a  0.30  M  solution  of  a  selenious  acid? 

(a)  2.85  x  10-3  (b)  5.0  x  10-6  (c)3.5xl0-12  (d)  3.5  x  10-13 

51.  Which  of  the  hydrated  species  can  exist? 

I  :  H502  II  :  H30+  III  :  H302  IV  :  H70^ 

Select  alternate  from  : 

(a)  II  only  (b)  I  and  II  (c)  I,  II  and  IV  (d)  I,  II,  III  and  IV 

52.  Consider  the  following  salts.  Which  one(s)  when  dissolved  in  water  will  produce  an  acidic 
solution? 

1.  NH4C1  2.  KHS04  3.  NaCN  4.  KN03 

(a)  2  and  3  (b)  1  and  2  (c)  only  3  (d)  2  and  4 

53.  Consider  the  following  salts.  Which  one(s)  when  dissolved  in  water  will  produce  a  basic 
solution? 

1.  RbC104  2.  NaN02  3.  NH4Cl  4.  NaCl 

(a)  1  and  3  (b)  only  2  (c)  1  and  2  (d)  3  and  4 

54.  At  25°C  dissociation  constants  of  acid  HA  and  base  BOH  in  aqueous  solution  are  same.  The  pH 

of  0.01  M  solution  of  HA  is  5.  The  pOH  of  10"*  M  solution  of  BOH  at  the  same  temperature  is:  - 
(a)  3.5  (b)  4  (c)  6  (d)  None  of  these 

55.  Which  of  the  following  solutions  has  the  highest  pH? 

(a)  0.2  M  HC104  (b)  0.20MCH3COOH 

(c)  0.020  MHC1  (d)  0.2  M  NaCl 

56.  From  separate  solutions  of  four  sodium  salts  NaW,  NaX,  NaF  and  NaZ  had  pH  7.0,  9.0,  10.0 
and  11.0  respectively,  when  each  solution  was  0.1  M,  the  weakest  acid  is  : 

(a)  HVV  (b)  HX  (c)  HY\  (d)  HZ 

57.  The  pH  values  0.1  M  solution  of  HCOONa  (I),  HCOOH  (II),  CH3COONH4  (III),  NaOH  (IV), 
HC1  (V),  will  be  in  the  order 
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(a)  IV  >  III  >  I  >  II  >  V  (b)  IV  >  I  >  III  >  II  >  v 

(c)  II  >  III  >  I  >  IV  >  V  (d)  V  >  II  >  III  >  I  >  iv 

58.  pH  of  an  aqueous  NaCl  solution  at  50°C  should  be  : 

v.  7  Cb)  >  7  (c)  <  7  (d)  0 

59.  Upon  hydrolysis  of  sodium  carbonate,  the  reaction  takes  place  between: 

(a)  Na+  and  water  (b)  Na+  and  OH'  (c)  CO^'and  water  (d)  COf'  and  H+ 

60.  The  solution  of  blue  vitrol  in  water  is  acidic  because: 

•-  (a)  CuS04  reacts  with  water  (b)  Cu2+  reacts  with  water 

(c)  SO2'  reacts  with  water  (d)  CuS04 removes  OH'  ions  from  water 

61.  1  mL  of  0.1  N  HCI  is  added  to  999  mL  solution  of  NaCl.  The  pH  of  the  resulting  solution  will 
be: 
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(a)  7  (b)  4  (c)  2  (d)  1 

If  a  salt  of  strong  acid  and  weak  base  hydrolyses  appreciably  (a  =  0. 1),  which  of  the  following 
formula  is  to  be  used  to  calculate  degree  of  hydrolysis  ‘a? 

(b)  a  =  J—  (c)  a  =  J— — (d)  None  of  these 


(a)  a  = 


K„  a 


Kba 


Kn  Ku 


63.  The  correct  formula  to  calculate  the  hydroxyl  ion  concentration  of  an  aqueous  solution  of 
NH4N03  is  : 


64.  [H+]  is  suitable  for 

(a)  NaCl,  NH4C1 

(c)  CH3COONa,  (NH4)2S04 

65.  What  is  the  hydrolysis  constant  of  the  OC1 
(a)  3.33  xlO'8  (b)  3.33  xlO'7 


x 


(d)  J-a  *  Kw 


(b)  CH3COONa ,  NaCN 

(d)  CH3COONH4,  (NH4)2C03 
ion?  The  ionization  constant  of  HOC1  is  3.0  x  10-8. 

(c)  3.0  x  10'7  (d)  3.33  x  10"6 


66.  What  is  the  pH  of  a  0.10  JVTC6H50~  solution?  The  Ka  of  C6HsOH  is  1.0  x  10'10. 

10-51  (b)  11-04  (c)  11.50  (d)  12 

67.  Calculate  the  [OH“]  in  0.01  M  aqueous  solution  of  NaOCN  (Kb  for  OCN“  =  10“10)  : 

(a)  10  M  (b)  10  7  M  (c)  10  8  M  (d)  None  of  these 


68.  What  is  the  ionization  constant  of  an  acid  if  the  hydronium  ion  concentration  of  a  0.40  M 
solution  is  1.40  x  10'4  M? 

(a)  1.96 x  10'8  (b)  1.22 xlO'9  (c)  4.90x  10-8  (d)1.40xl0'6 

69.  The  degree  of  hydrolysis  of  0.1  RNH3C1  solution  is  1.0%.  If  the  concentration  of  RNH3C1  is 
made  0.4  M,  what  is  the  new  degree  of  hydrolysis  (in  percentage)7 

0.01  (b)  0.001  (c)  0.2  (d)  0.5 

70.  %  hydrolysis  of  0.1M  CH3COONH4,  when  Ka(CH3COOH)  =fCb(NH4OH)  =  1.8x  10's  is: 

(a)  0.55  Cb)  7.63  (c)0.55xl0'2  (d)7.63xl0'3 


71.  The  enthalpy  of  neutralisation  of  four  acids  H A,  HB,  HC  and  HD  with  NaOH  are  -13,  -12,  -11, 
-10  kcal/mol.  Which  salt  has  maximum  degree  of  hydrolysis? 

(a)  1 M  NaA  (b)  1M  NaB  (c)  1 M  NaC  (d)  1 M  NaD 

72.  Calculate  [H+]  at  equivalent  point  between  titration  of  0.1  M,  25  mL  of  weak  acid  HA 
(K^Cha)  =  10-5)  with  0.05  M  NaOH  solution  : 

(a)  3  x  10‘9  (b)  1.732  x  10‘9  (c)  8  (d)  10 

73.  When  a  salt  of  weak  acid  and  weak  base  is  dissolved  in  water  atr  25°C,  the  pH  of  the  resulting 
solution  will  always  : 

(a)  be  7  (b)  be  greater  than  7 

(c)  be  less  than  7  (d)  depend  upon  Ka  and  Kb  values 

74.  What  will  be  the  pH  of  an  aqueous  solution  of  1.0  M  ammonium  formate? 

Given  :  pKa  =  3.8  and  p/Cb  =4.8 

(a)  7.5  (b)  3.4  (c)  6.5  (d)  10.2 

75.  What  will  be  the  pH  and  %  a  (degree  of  hydrolysis)  respectively  for  the  salt  BA  of  0.1  M 
concentration?  Given  :  Ka  for  HA  =  10-6  and  Kb  for  BOH  =  10  6 

(a)  5,  1%  (b)  7,  10#o  (c)  9,  0.01%  (d)  7,  0.01% 

76.  The  percentage  degree  of  hydrolysis  of  a  salt  of  weak  acid  (HA)  and  weak  base  (BOH)  in  its  0.1 
M  solution  is  found  to  be  10%.  If  the  molarity  of  the  solution  is  0.05  M,  the  percentage 
hydrolysis  of  the  salt  should  be  : 

(a)  5%  (b)  10%  (c)  20%  (d)  None  of  these 

77.  What  is  the  hydronium  ion  concentration  of  a  0.02  M  solution  of  Cu2+  solution  of  copper(II) 
perchlorate?  The  acidity  constant  of  the  following  reaction  is  5  x  10~9. 

Cu2+  (aq. )  +  2H20(1)  ^  Cu (OH)+  (aq. )  +  H30+  (aq. ) 

(a)  1  x  10"s  (b)  7  x  10"4  (c)  5  x  10"4  (d)  1  x  10^* 

78.  What  is  the  acidity  constant  for  the  following  reaction  given  that  the  hydronium  ion 
concentration  of  a  0.04  M  solution  of  Ni2+  solution  of  nickel(II)  perchlorate  is  4.5  x  10  8? 

Ni2+  (aq. )  +  2HzO(l)  ^  Ni(OH)+(aq.)  +  H30+ (aq.) 

(a)  2  x  10-12  (b)  4  x  10-6  (c)5xl0-12  (d)SxHT10 

f  4 

79.  Calculate  the  pH  at  25°C  of  a  solution  that  is  0.10  M  in  Fe(N03)3.  The  acid  dissociation 
constant  for  the  reaction  given  below  is  1.0  x  10-3. 

[Fe(H20)6)3f  +  H2O(0  H30+  (aq. )  +  [Fe(H20)5(0H)]2f 

(a)  2.00  (b)  2.02  (c)  2.30  '  (d)  2.50 


80.  Approximate  pH  of  0.01  M  NaHA  is  calculated  by  : 

( k ^  =10-6  and  Ka2  =10-8  are  ionization  constants  of  H2A) 

(a)  ph=7  +  ^L  +  ^I£  (b)  pH  =  7  - 

2  2  ^ 


(b)  pH  =  7  - 


p Ka  +  p K., 

(c)  pH  = 


logC 

2 


(d)  None  of  these 


81. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

91. 


H3P04  is  a  weak  triprotic  acid;  approximate  pH  of  0.1  M  Na2HP04  (aq. )  is  calculated  by : 

(a)  ±[pKai  +  pKa2  ]  Cb)  |  [P/Ca2  +PKa3]  (c)  ±  [pK^  +  pKa3 ]  (d)  pKai  +  pKa2 

Which  of  the  following  is  a  buffer  solution? 

(a)  500  mL  of  0.1  JV  CH3COOH  +  500  mL  of  0.1  N  NaOH 

(b)  500  mL  of  0.1  N  CH3COOH  +  500  mL  of  0.1  JV  HC1 

(c)  500 'mL  of  0.1  N  CH3COOH  +  500  mL  of  0.2  N  NaOH 

(d)  500  mL  of  0.2  N  CH3COOH  +  500  mL  of  0.1  N  NaOH 

If  20  mL  of  0.1  M  NaOH  is  added  to  30  mL  of  0.2  M  CH3COOH  (pJCa  =  4.74),  the  pOH  of  the 
resulting  solution  is  : 

(a)  4.44  (b)  9.56  (c)  8.96  (d)  9.26 

H2C03  +  NaHC03  found  in  blood  helps  in  maintaining  pH  of  the  blood  close  to  7.4.  An  excess 
of  acid  entering  the  blood  stream  is  removed  by: 

(a)  HCOa  (b)  H2C03  (c)  H+  ion  (d)  COf'  ion 

100  mL  of  0.02 1W  benzoic  acid  (pKa  =  4.20)  is  titrated  Using  0.02M  NaOH,  pH  after  50  mL  and 
100  mL  of  NaOH  have  been  added  are: 

(a)  3.50,  7  Cb)  4.2,  7  (c)  4.2,  8.1  (d)  4.2,  8.25 

What  is  the  pH  of  a  solution  of  0.28  M  acid  and  0.84  M  of  its  conjugate  base  if  the  ionization 
constant  of  add  is  4  x  10^? 

(a)  3.88  (b)  3.34  (c)  7  (d)  10.12 

The  toxic  compound  2,4-dinitrophenol  has  Ka  =  10-4  M.  In  an  experiment,  a  buffer  solution 

of  2,4-dinitrophenol  was  prepared  with  the  pH  adjusted  to  5.  Calculate  the  ratio  of  the 
concentrations  of  the  dissociated  ion  to  the  undissociated  acid  : 

(a)  0-01  (b)  0.1  (c)  10  (d)  100 

Equilibrium  constant  for  the  following  reaction  is  1  x  10-9  : 


C5HsNCaq.)  +  H2O(0  ^  C5H5NH+faq.)  +  OH“Caq.) 

Determine  the  mole  of  pyridinium  chloride  CC5H5N.HCI)  that  should  be  added  to  500  mL 
solution  of  0.4  M  pyridine  CC5H5N)  to  obtain  a  buffer  solution  of  pH  =  5  : 

(a)  0.1  mole  (b)  0.2  mole  Cc)  0.3  mole  Cd)  0.4  mole 

Which  one  of  the  following  mixture  does  not  act  as  a  buffer  solution? 

(a)  Boric  acid  and  borax 

Cb)  Sodium  phosphate  &  disodium  hydrogen  phosphate 
Cc)  Sodium  propionate  and  propionic  acid 
Cd)  Sod.  acetate  and  sodium  propionate 

The  acid  dissociation  constant  of  uric  acid  is  Ka  =  4.0  x  10'6  M.  The  pH  of  a  sample  is  6.0. 
What  is  the  ratio  of  urate  ion  to  uric  acid  in  the  urine? 

(a)  2.0  (b)  4.0  Cc)  6.0  Cd)  0.25 

CH3NH2  Cl-2  mole,  pJf b  =  3.3)  is  added  to  0.08  moles  of  HC1  and  the  solution  is  diluted  to  one 
litre,  resulting  pH  of  solution  is  : 


(a)  10.7  Cb)  3.6 


Cc)  10.4 


Cd)  11.3 


92.  An  aqueous  solution  at  room  temperature  is  0.1  M  with  respect  to  ammonium  chloride  and 
0.01  M  with  respect  to  NH4OH  (pKb  =  5),  the  pH  of  the  solution  is  : 

(a)  7.5  (b)  6.8  (c)  6.5  (d)  8.0 

93.  Which  of  the  following  will  decrease  with  dilution  at  a  given  temperature? 

(a)  pH  of  10-3  M  acetic  acid  solution 

(b)  pH  of  10-3  M  aniline  solution 

(c)  degree  of  dissociation  of  10"3  M  acetic  acid  - 

(d)  degree  of  dissociation  of  10  3  M  aniline  solution 

94.  AIL  solution  contains  0.2 M  NH4OH  and  0.2 M  NH4CL  If  1.0  mL  of  O.001  M  HC1  is  added  to  it. 
What  will  be  the  [OH]  of  the  resulting  solution  (Kb  =  2x  10  s) 

(a)  2x  10-5  (b)  5  x  10-10  (c)2xlO"3  (d)  None  of  these 

95.  0.1  M  formic  acid  solution  is  titrated  against  0.1  M  NaOH  solution.  What  would  be  the 
difference  in  pH  between  1/5  and  4/5  stages  of  neutralization  of  acid  ? 

(a)  2  log  3/4  (b)  2  log  1/5  (c)  log  1/3  (d)  2  log  4 

96.  In  the  neutralization  process  of  H3P04  and  NaOH,  the  number  of  buffers  formed  will  be: 

(a)  3  (b)  1  Cc)  2  ®  4 

97.  A  buffer  solution  is  made  up  of  acetic  add  [pKa  =  5]  having  cone.  =  1.5  M  and  sodium  acetate 
having  cone.  =  0.15  M.  What  is  the  number  of  OH-  ions  present  in  1  litre  solution? 

(a)  10”10  Na  (b)  10^  Na  (c)  10"3  Na  (d)  10~6  N  A 

98.  The  pH  of  a  solution  of  0.10  MCH3COOH  increases  when  which  of  the  following  substances  is 


added? 

(a)  NaHS04  (b)  HC104  (c)  KN03  (d)  K2C03 

99.  H+  ion  concentration  of  water  does  not  change  by  adding  : 

(a)  CH3COONa  (b)  NaN03  (c)  NaCN  (d)  Na2C03 

100.  p Ka  of  NH4  is  9.26.  Hence,  effective  range  for  NH4OH  -  NH4C1  buffer  is  about  pH  : 

(a)  8.26  to  10.26  (b)  4.74  to  5.74  (c)  3.74  to  5.74  (d)  8.26  to  9.26 

101. 1.0  L  solution  is  prepared  by  mixing  61  gm  benzoic  acid  (pKa  =  4.2)  with  72  gm  of  sodium 
benzoate  and  then  300  mL  1.0  M  HBr  solution  was  added.  The  pH  of  final  solution  is: 

(a)  3.6  (b)  3.8  (c)  4.2  (d)  4.8 

102.  The  pH  of  a  solution  containing  0.4  M  HC03  and  0.2  M  C03  is  : 

[Kai  (H2CO3)  =  4x10 ~7;Ka2  (HC03 )  =  4 x  10"11] 

(a)  10.4  (b)  10.1  (c)  6.1  (d)  10.7 


103.  The  pH  of  the  resultant  solution  of  20  mL  of  0.1  M  H3P04  and  20  mL  of  0.1  M  Na3P04  is : 

■  ..  ..  ..  ^PKai+PKa2 


(a)  pK„  +  log  2  (b)  pKa 


(0  pKa 


104.  Which  one  of  the  following  curves  represents  the  graph  of  pH  during  the  titration  of  NaOH  and 


HCl(aq. )? 


105.  When  100  mL  of  0.1  M  NaCN  solution  is  titrated  with  0.1  M  HC1  solution  the  variation  of  pH 
of  solution  with  volume  of  HC1  added  will  he  • 


106.  The  best  indicator  for  the  detection  of  end  point  in  titration  of  a  weak  acid  and  a  strong  base 
is  : 

(a)  Methyl  orange  (3.1  to  4.4)  (b)  Methyl  red  (4.2  to  6.3) 

(c)  Bromothymol  blue  (6  to  7.6)  (d)  Phenolphthalein  (8.2  to  10) 

107.  Select  the  best  indicator  from  the  given  table  for  titration  of  20  mL  of  0.02  M CH3COOH  with 
0.02  M  NaOH.  Given  pf(0  (CH3COOH)  =  4.74 


* 

Indicator 

pH  range 

(I) 

Bromothymol  blue 

6.0-7.6 

i  (II) 

Thymolphthalein 

9.3-10.5 

(III) 

Malachite  green 

11.4-13 

(IV) 

M-Cresol  purple 

7.4-9.0 

*  (b)  II  (c)  III  (d)  rv 

108.  Bromothymol  blue  is  an  indicator  with  a  Ka  value  of  6  x  1 0‘s .  What  %  of  this  indicator  is  in  its 
basic  form  at>a  pH  of  5  ? 

40  (b)  85.7  (c)  14.3  (d)  60 


109.  An  acid-base  indicator  has  KHIn  =  3.0  x  10"s.  The  acid  form  of  the  indicator  is  red  and  the 
basic  form  is  blue.  The  change  in  [H+]  required  to  change  the  indicator  from  75%  red  to  75% 
blue  is  : 

(a)  8  x  10~5  M  (b)  9  x  10"s  M  (c)  1  x  10"s  M  (d)  3  x  10"4  M 

110.  An  acid-base  indicator  which  is  a  weak  acid  has  a  pKa  value  =  5.45.  At  what  concentration 
ratio  of  sodium  acetate  to  acetic  acid  would  the  indicator  show  a  colour  half-way  between 
those  of  its  acid  and  conjugate  base  forms  ?  [pKa  of  acetic  acid  =  4.75] 

(a)  4  :  1  (b)  6  :  1  (c)  5  :  1  (d)  3  :  1 

111.  A  20.0  mL  sample  of  a  0.20  M  solution  of  the  weak  diprotic  acid  H2A  is  titrated  with  0.250  M 
NaOH.  The  solution  of  the  second  equivalent  point  is  : 

(a)  0.10  M  NaHA  (b)  0.153  M  Na2A  (c)  0.10  M  Na2A  (d)  0.0769  M  Na2A 

112.  During  the  titration  of  a  weak  diprotic  acid  (H2A)  against  a  strong  base  (NaOH),  the  pH  of  the 
solution  half-way  to  the  first  equivalent  point  and  that  at  the  first  equivalent  point  are  given 
respectively  by  : 

(a)  pfC^  and  pK^  +  p Ka2  (b)  and  ^  - 

(c)  p and  pJCai  1 PK-^  (d)  pKaj  and  p K02 

113.  In  which  of  the  following  cases  is  the  solution  of  AgCl  unsaturated? 

(a)  [Ag+][Cr]  <Ksp  (b)  [Ag+][Cr]>Ksp  (c)  (Ag+)  [Cl-]  =iCsp  (d)  [Ag+]  [Cl-]  £Ksp 

114.  When  equal  volumes  of  the  following  solutions  are  mixed,  the  precipitation  of  AgCl 
(Ksp  =  1.8  x  10~10)  will  occur  with  : 

(a)  HT4  M  (Ag  +  )  and  1CT4  M  (Cl")  (b)  10~5  M  (Ag+)  and  10'5  M  (Cl- ) 

(c)  10"5  M  (Ag  + )  and  10"6  M  (Cl")  (d)  10"10  M  (Ag+ )  and  10"10  M  (Cl"  ) 

115.  Choose  the  correct  set  of  True/False  for  following  statements: 

(i)  Silver  chloride  is  more  soluble  in  very  concentrated  sodium  chloride  solution  than  in  pure 
water. 

(ii)  The  pH  of  a  buffer  solution  does  not  change  on  addition  of  small  amount  of  an  acid  or  a 
base. 

(iii)  Addition  of  NH4C1  does  not  affect  the  pH  of  a  solution  of  NH^OH 

(iv)  Degree  of  hydrolysis  of  ammonium  acetate  does  not  depend  upon  the  concentration  of 
ammonium  acetate  solution. 

(v)  A  mixture  of  acetic  acid  and  sodium  acetate  can  act  as  buffer  solution. 

(a)  TTFTT  (b)  FTTTF  (c)  TFTF  (d)  FFTTT 

116.  A  1  litre  solution  containing  NH4C1  and  NH4OH  has  hydroxide  ion  concentration  of  10"6 
mol/litre.  Which  of  the  following  hydroxides  could  be  precipitated  when  the  solution  is  added 
to  1  litre  solution  of  0.1  M  metal  ions? 

(I)  Ba(OH)2  (Ksp  =  5  x  10"3)  00  Ni(OH)2  (Ksp  =  1.6  x  10"16) 

(III)  Mn(OH)2  (Ksp  =  2  x  10"13)  (IV)  Fe(OH)2  (Ksp  =  8  x  10"16) 

(a)  I,  II,  IV  (b)  IV  (c)  II  and  IV  (d)  II,  III,  IV 


117.  150  mL  of  0.0008  M  ammonium  sulphate  is  mixed  with  50  mL  of  0.04  M  calcium  nitrate.  The 


ionic  product  of  CaS04  will  be  :  (Ksp  =  2.4  x  10“s  for  CaS04 ) 


Ca)  <K„ 


(b)  >K< 


(c)  *K, 


(d)  None  of  these 


118.  In  a  saturated  solution  of  AgCl,  NaCl  is  added  gradually.  The  concentration  of  Ag+  is  plotted 
•  •;  against  the  concentration  of  Cl".  The  graph  appears  as  : 


(a)  [Ag+j 


(b)  [Ag+ 


*■  -  J 

119.  Ksp  of  AgCl  is  1  x  10~10.  Its  solubility  in  0.1  M  KN03  will  be  : 

(a)  10~5  moles/litre  (b)  >10"5  moles/litre  (c)  <10~5  moles/litre  (d)  None  of  these 

120.  50  mL  of  a  solution  containing  10~3  mole  of  Ag  +  is  mixed  with  50  mL  of  a  0. 1  M  HCl  solution. 
How  much  Ag+  remains  in  solution?  (Ksp  of  AgCl  =  1.0  x  10“10) 

(a)  2.5  x  10~9  (b)  2.5  x  10-7  (c)  2.5x10"®  (d)2.5xlO~10 

121.  The  solubility  of  a  sparingly  soluble  salt  AxBy  in  water  is  ‘S’  moles  per  litre.  The  solubility 
product  has  the  value  : 

(a)  S2  (b )Xyyx-Sx+y  (c )  xxy*Sx+*  (d)  sx  +  * 

122.  What  is  the  molarity  of  a  saturated  solution  of  CaC03?  (Ks  =  2.8  x  10"9) 

(a)  2.6  x  10-5  (b)  2.8  x  10'9  (c)  5.2  x  10'3  (d)  5.6  x  10~9 

123.  Ksp  ofZr3(P04)4  in  terms  of  solubility  (S)  is  : 

(a)  108  S7  (b)  4  S3  (c)  6912  S7  (d)  None  of  these 

124.  The  solubility  of  electrolytes  MXUMX2  and  MX3  is  1  x  10“3  moles  per  litre.  Hence  their 
respective  solubility  products  are  : 

(a)  10-6,  4  x  10-9,  27  x  10“12  (b)  10'9,  4  x  10"9,  32  x  10"12 

(c)  10  ,  8  x  10  ,  32  x  10  (d)  None  of  these 

125.  A  saturated  solution  of Ca3(P04 )2  has [Ca2+]  =2x  10~eM  and [POf  ]  =  1.6 x  10"5  M Ks  of 
Ca3(P04)2  is  : 

(a)  3.2  x  10"13  (b)  3.2  x  lO"34  (c)  2.048  x  10"33  (d)  None  of  these 

126.  Which  of  the  following  is  most  soluble  in  water? 

'(a)  Ba3  (P04  )2  (Ksp  =  6  x  lO-39)  (b)  ZnS  (Kcn  =  7  x  10“161 


(c)  Fe(OH)3  (Ksd  =6x  10"38) 


O)  ZnS  (Ksp  =  7  x  10“16) 

(d)  Ag3(P04 )  (Ksp  =  1.8  x  10-18) 


127.  Silver  ions  are  added  to  a  solution  with  [Br‘]  =[C1‘]  =[CO^]  =[AsOf  ]  =  0.1M.  Which 


compound  will  precipitate  with  lowest  [Ag+]? 
(a)  AgBr  (Ksp  =  5  x  10-13)  ( 

(c)  Ag2C03  (K  =  8.1  x  10-12)  ( 


(b)  AgCl  (Ksp  =  1.8  x  10_1°  ) 

(d)  Ag3As04  (JC  =1  x  10'22) 


128.  The  solubility  of  different  sparingly  soluble  salts  are  given  as  under  : 


1 

IS.  No. 

1 

Formula  Type 

Solubility  product  j 

1. 

AB 

4.0  x  10_2° 

2. 

A2B 

3.2  x  10'11 

3. 

ABZ 

2.7  x  10"31 

The  correct  increasing  order  of  solubility  is  : 

(a)  1,  3,  2  (b)  2,  1,  3  (c)  1.  2,  3  (d)  3,  1,  2 

129.  If  Ksp  for  HgS04  is  6.4  x  10-s,  then  solubility  of  this  substance  in  mole  per  m3  is  : 

(a)  8x  10-3  (b)  6.4  x  10_S  (c)8xl0“6  (d)  None  of  these 

130.  The  solubility  of  Ba3(As04  )2  (formula  weight  =  690)  is  6.9  x  10"2  g/lOOmL.  What  is  the  Ksp  ? 

(a)  1.08  x  10"11  (b)  1.08  x  10“13  (c)  1.0  x  10“1S  (d)  6.0  x  10“13 

131.  The  solubility  of  AgBr03  (formula  weight  =  236)  is  0.0072  g  in  1000  mL.  What  is  the  Ksp  ? 

(a)  2.2  x  10-8  (b)  3.0  x  10”10  (c)3.0xl0"s  (d)  9.3  x  10"10 

132.  The  solubility  of  PbF2  (formula  weight  =  245)  is  0.46  g/L.  What  is  the  solubility  product? 

(a)  1.1  x  10“10  (b)  2.6  x  10'8  (c)  1.1  x  10-7  (d)  6.8  x  10‘9 

133.  How  many  grams  of  MgC204  (formula  weight  . =  112)  will  dissolve  in  1.5  L  of  water? 
(Ksp  =8.1  x  10-5) 

(a)  1.0  (b)  1.29  (c)  1.512  (d)  4.65 

134.  What  is  the  molarity  of  F”  ions  in  a  saturated  solution  of  BaF2?  (Ksp  =  1.0  x  10  6) 

(a)l.OxlO'2  (b)l.OxlO-3  (c)  1.26  x  10-2  (d)6.3xl0-3 

135.  What  is  the  molarity  of  F"  in  a  saturated  solution  of  InF3?  ( Ksp  =7.9  x  10-1°) 

^  (a)  2.3 x  10"3.  (b)  8.3 x  10“3  (c)  1.0 x  10"3  (d)  7.0 x  10-3 

136.  What  is  the  pH  of  a  saturated  solution  of  Cu(OH)2?  ( K$p  =  2.6  x  10-19) 

(a)  6.1  (b)  7.30  (c)  8.42  (d)  7.90 

137.  The  solubility  product  of  AgCl  islO-10  M2.  The  minimum  volume  (inm3)  of  water  required  to 
dissolve  14.35  mg  of  AgCl  is  approximately  : 

(a)  0.01  (b)  0.1  (c)  100  (d)  10 

138.  What  is  the  molar  solubility  of  Fe(OH)2  (fCsp  =  8.0  x  10-16)  at  pH  13.0? 

(a)  8.0  x  10-18  (b)  8.0xl0‘15  (c)  8.0  x  10-17  (d)  8.0  xlO*14 

139.  What  is  the  minimum  pH  necessary  to  cause  a  precipitate  of  Pb(OH)2  (Ksp  =  1.2  x  10's)  to 
form  in  a  0.12  JVT  PbCl2  solution? 

(a)  12.4  (b)  10.8  (c)  12.0  (d)  11.1 

140.  Which  of  the  following  would  increase  the  solubility  of  Pb(OH)2: 

(a)  Add  hydrochloric  acid 

(b)  Add  a  solution  of  Rb  (N03)2 

(c)  Add  a  solution  of  NaOH 

(d)  None  of  the  above-the  solubility  of  a  compound  is  constant  at  constant  temperature 
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141.  What  is  the  molar  solubility  of  Ag2C03  (iCjp  =  4x  10'13)  in  0.1  M  Na2C03  solution? 

(a)  10"6  (b)  10'7  (c)  2  x  10'6  (d)  2  x  10"7 

142.  What  is  the  concentration  of  Pb2+  when  PbS04  ( Ksp  =  1.8  x  10-8)  begins  to  precipitate  from  a 
solution  that  is  0.0045  M  in  SO2-? 

(a)  4.0  x  1CT8  M  (b)  1.0x10 ~6  M  (c)  2.0  x  10~8  M  (d)4.0xlO~6M 

143.  What  is  the  concentration  of  Ba2+  when  BaF2  (Ksp  =1.0  x  10-6)  begins  to  precipitate  from  a 
solution  that  is  0.30  Af  F”? 

(a)  9.0  x  10"7  (b)  3.3  x  10'5  (c)l.lxl0~5  (d)3.0xl0-7 

144.  Solubility  of  AgCl  in  0.2  M  NaCl  is  x  and  that  in  0.1  M  AgN03  isy  then  which  of  the  following 
is  correct? 

(a)  x  =  y  (b)  x  >  y  (c)  x  <  y  (d)  We  cannot  predict 

145.  What  is  the  molarity  of  FeCCNlg-  in  a  saturated  solution  of  Ag4[Fe(CN)6]  ?  (K sp  =1.6x  10-41) 

(a)  1.6  x  10“8  Cb)  5.2  x  10-8  (c)  2.0  x  10“®  (d)  2.3  x  10"9 

146.  At  25°C,  Ksp  for  PbBr2  is  equal  to  8  x  10_s.  If  the  salt  is  80%  dissociated,  what  is  the  solubility 
of  PbBr2  in  mol/litre? 


147.  What  is  the  molar  solubility  of  Mn(OH)2(Kip  =4.5x  10-14)  in  a  buffer  solution  containing 
equal  amounts  of  NH4  and  NH3  ( Kb  =1.8x  10-5)? 

(a)  3.0  x  10-4  (b)  1.38  x  10-4  (c)  1.38  x  10-3  (d)  7.3  x  10"1 

148.  Find  moles  of  NH4C1  required  to  prevent  Mg(OH)2  from  precipitating  in  a  litre  of  solution 
which  contains  0.02  mole  of  NH3  and  0.001  mole  of  Mg2+  ions. 

Given  :  Kb  (NH3)  =  10'5;  Ksp  [Mg(OH)23  =  lO'11. 

(a)  10-4  (b)  2  x  10"3  (c)  0.02  (d)  0.1 

149.  What  mass  of  Agl  will  dissolve  in  1.0  L  of  1.0  M  NH3?  Neglect  change  in  cone,  of  NHp. 

[Given  :  Ksp  (Agl)  =  1.5  x  10'16;  Kf  [Ag(NH3)2]  =  1.6 x  107];  (At.  wt.  Ag  =  108;  I  =  127) 
(a)  4.9  x  10“5  g  (b)  0.0056  g  (c)  0.035  g  (d)  0.011  g 

150.  Consider  the  following  statement  and  select  correct  option  : 

(!)  Ksp  of  Fe(OH)3  in  aqueous  solution  is  3.8  x  1(H8  at  298  K.  The  concentration  of  Fe3+ 

will  increase  when  [H+]  ion  concentration  decreases. 

(II)  In  a  mixture  of  NH4C1  and  NH4OHin  water,  a  further  amount  of  NH4C1  is  added.  The  pH 
of  the  mixture  will  decreases. 

(III)  An  aqueous  sulution  of  each  of  the  following  salts  (NH4I,  HCOOK)  will  be  basic,  acidic 
respectively. 

(a)  only  I  is  correct 
(c)  only  III  is  correct 


(b)  only  II  is  correct 
(d)  II  and  III  are  correct 
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1.  Equilibrium  constants  of  T20  (T  or  j  H3  is  an  isotope  of  j  H1 )  and  H20  are  different  at  298  K. 
Let  at  298  K  pure  T20  has  pT  (like  pH)  is  7.62.  The  pT  of  a  solution  prepared  by  adding  10  mL 
of  0.2  M  TCI  to  15  mL  of  0.25  M  NaOT  is  : 

(a)  2 -log  7  (b)  14  + log  7  (c)  13.24 -log  7  (d)  13.24+  log  7 

2.  Liquid  NH3  ionises  to  a  slight  extent.  At  a  certain  temp,  it’s  self  ionization  constant 
Ksic(nh3)  =  10~30.  The  number  of  NH«  ions  are  present  per  100  cm3  of  pure  liquid  are  : 

(a)  10'15  (b)  6.022  x  108  (c)  6.022  x  107  (d)  6.022  x  106 

3.  To  what  volume  of  10  litre  of  0.5  MCH3COOH  (Ka  =  1.8  x  10~5)  be  diluted  in  order  to  double 

the  hydroxide  ion  concentration  : 

(a)  20  L  (b)  30  L  (c)  40  L  (d)  None  of  these 

4.  20  mL  of  0. 1 M  weak  add  HA  (Ka  =  10_s )  is  mixed  with  solution  of  10  mL  of  0.3  M  HC1  and  10 
mL  of  0.1  M  NaOH.  Find  the  value  of  [A”]/([HA]  +  [A-])  in  the  resulting  solution  : 

(a)  2  x  10-4  (b)  2  x  10“5  (c)  2  x  10~3  (d)  0.05 

5.  What  concentration  of  FCH2COOH  ( Ka  =  2.6  x  10"3)  is  needed  so  that  [H+]  =  2  x  10-3? 

(a)  2  x  10~3  M  (b)  2.6  x  10"3  M  (c)  5.2  x  10“3  M  (d)  3.53  x  10'3  M 

6.  Calculate  the  ratio  of  HCOCT  andF-  in  a  mixture  of  0.2  M  HCOOH  (Ka  =  2x  10-4)  and  0.1  M 
HF  (X0  =  6.6 x  10-4)  : 

(a)  1  :  6.6  (b)  1  :  3.3  (c)  2  :  3.3  (d)  3.3  :  2 

7.  If  first  dissociation  of  X(OH)3  is  100%  where  as  second  dissociation  is  50%  and  third 
dissociation  is  negligible  then  the  pH  of  4  x  10-3  M  X(OH)3  is  : 

(a)  11.78  (b)  10.78  (c)  2.5  (d)  2.22 

8.  H3A  is  a  weak  triprotic  acid  { K ^  =  10'5,  Ka2  =  10-9,  X03  =  10-13) 

Ti43“l 

What  is  the  value  of  pX  of  0.1  M  H3A  (aq.)  solution?  where  pX  =  -  log  X  and  X  =  — — -i- 

[HA2-] 

(a)  7  (b)  8  (c)  9  (d)  10 

9.  Caldum  lactate  is  a  salt  of  weak  organic  acid  and  strong  base  represented  as  Ca(LaC)2. 
A  saturated  solution  of  Ca(LaC)2  contains  0.6  mole  in  2  litre  solution.  pOH  of  solution  is  5.60. 
If  90%  dissociation  of  the  salt  takes  place  then  what  is  pKa  of  lactic  acid? 

(a)  2.8  -  log  (0.54)  (b)  2.8  +  log  (0.54)  (c)  2.8  +  log  (0.27)  (d)  None  of  these 

10.  What  is  the  concentration  of  CH3COOH(aq. )  in  a  solution  prepared  by  dissolving  0.01  mole  of 
NH^CH-jCOO  in  1  L  H20?  [Xa(CH3COoH)  =1-8X  10  5>-^b(NH4OH)  =l-8x  10  5] 

(a)  5.55  x  10-s  (b)  0.10  (c)  6.4  x  10-4  (d)  5.55  x  10‘3 

11.  Ka  for  the  reaction;  Fe3+(aq. )  +  H2O(0  ^  FefOH)24- (aq.)  +  H30+  (aq.)  is  6.5  xlO-3. 
What  is  the  max.  pH  value  which  could  be  used  so  that  at  least  80%  of  the  total  iron  (III)  in  a 
dilute  solution  exists  as  Fe3+  ? 

(a)  2  (b)  2.41 


(c)  2.79 


(d)  1.59 


'  -  .  '  <! 
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Fe(OH)2  is  diacidic  base  has  =  10  4  and  Kbl  =  2.5  x  10  6 
What  is  the  concentration  of  Fe(OH)2  in  0.1  M  Fe(N03)2  solution? 


(a)  4x  10' 


(b)  2.5  x  10" 


(c)  10- 


(d)  10- 


How  many  gm  of  solid  KOH  must  be  added  to  100  mL  of  a  buffer  solution? 

Which  is  0.1  M  each  w.r.t.  acid  HA  and  salt  K  A  to  make  the  pH  of  solution  6.0. 

[Given  :  pXa  (HA)  =  5] 

(a)  0.458  (b)  0.327  (c)  5.19  (d)  None  of  these 

Fixed  volume  of  0.1  M  benzoic  acid  (p Ka  =  4.2)  solution  is  added  into  0.2  M  sodium  benzoate 

solution  and  formed  a  300  mL,  resultant  acidic  buffer  solution.  If  pH  of  this  buffer  solution  is 
4.5  then  find  added  volume  of  benzoic  acid  : 

(a)  100  mL  (b)  150  mL  (c)  200  mL  (d)  None  of  these 

A  1.025  g  sample  containing  a  weak  acid  HX  (mol.  wt.  =  82)  is  dissolved  in  60  mL  water 

and  titrated  with  0.25  M  NaOH.  When  half  of  the  acid  was  neutralised  the  pH  was  found 
to  be  5.0  and  at  the  equivalence  point  the  pH  is  9.0.  Calculate  weight  percentage  of  HX  in 
sample  : 

(a)  50%  (b)  75%  (c)  80%  (d)  None  of  these 

Which  of  the  following  expression  for  %  ionization  of  a  monoacidic  base  (BOH)  in  aqueous 
solution  at  appreciable  concentration  is  not  correct? 

/o')  lAOw  no  1 


(a)  100  X 


1  +  10  (pXb  -  pOH) 


(o  (d) . * . 

Kb+Kw  Kb  +  [OH-] 

A  solution  of  weak  acid  HA  was  titrated  with  base  NaOH.  The  equivalent  point  was  reached 
when  40  mL  of  0.1  M  NaOH  has  been  added.  Now  20  mL  of  0.1  M  HC1  were  added  to  titrated 
solution,  the  pH  was  found  to  be  5.0.  What  will  be  the  pH  of  the  solution  obtained  by  mixing 
20  mL  of  0.2  M  NaOH  and  20  mL  of  0.2  M  HA? 

(a)  7  (b)  9  (c)  1 1  (d)  None  of  these 

A  buffer  solution  0.04  M  in  Na2HP04  and  0.02  M  in  Na3P04  is  prepared.  The  electrolytic 

oxidation  of  1.0  milli-mole  of  the  organic  compound  BNHOH  is  carried  out  in  100  mL  of  the 
buffer.  The  reaction  is 

RNHOH  +  H20  - »  BNOz  +  4H+  +  AeT 

The  approximate  pH  of  solution  after  the  oxidation  is  complete  is  : 

[Given  :  for  H3P04,  p Kaj  =  2.2;  p Ka2  =7.20;  pXa3  =  12] 

(a)  6.90  (b)  7.20  (c)  7.5  (d)  None  of  these 

When  a  20  mL  of  0.08  M  weak  base  BOH  is  titrated  with  0.08  HC1,  the  pH  of  the  solution  at  the 
end  point  is  5.  What  will  be  the  pOH  if  10  mL  of  0.04  M  NaOH  is  added  to  the  resulting 
solution? 

[Given  :  log  2  =  0.30  and  log  3  =  0.48] 

(a)  5.40  (b)  5.88 


(c)  4.92 


(d)  None  of  these 


20.  Calculate  approximate  pH  of  the  resultant  solution  formed  by  titration  of  25  mL  of  0.04  M 
Na2C03  with  50  mL  of  0.025  M  HC1.  [Given  :  pfC^  -  6.4  and  p Ka2  =  10.3  for  H2C03] 

(a)  5.92  Cb)  6.88  (c)  6.4  (d)  5.88 

21.  In  the  titration  of  a  solution  of  a  weak  acid  HA  and  NaOH,  the  pH  is  5.0  after  10  mL  of  NaOH 
solution  has  been  added  and  5.60  after  20  mL  NaOH  has  been  added. 

What  is  the  value  of  piCa  for  HA? 

(a)  5.15  Cb)  5.3  (c)  5.6  (d)  None  of  these 

22.  50  mL  of  0.05  M  Na2C03  is  titrated  against  0.1  M  HC1.  On  adding  40  mL  of  HCl,  pH  of  the 

solution  will  be  [Given  :  For  H2C03,  p Kai  =  6.35,  pfC02  =  10.33;  log  3  =  0.477,  log  2  =  0.30] 
(a)  6.35  Cb)  6.526  (c)  8.34  (d)  6.173 


23.  10  mL  of  0.1  M  tribasic  acid  H3A  is  titrated  with  0.1  M  NaOH  solution.  What  is  the  ratio  of 

-  at  2nd  equivalence  point?  [Given  :  Ka  =  10"3,  K  =  10~8,  Ka  =  10“12] 

[A3-] 


(a)  ^10^  -  Cb)  -1044  (c)  =  10-7  (d)  -\0* 

24.  A3B2  is  a  sparingly  soluble  salt  of  molar  mass  M  (g  mol-1 )  and  solubility  x  g  litre-1.  The  ratio 

of  the  molar  concentration  of  B3^  to  the  solubility  product  of  the  salt  is  : 
v5  1  M 4  1  M4 

ra)  108  — —  (b) - (c) -  (d)  None  of  these 

M5  108  x4  54  x4 

25.  A  solution  is  0.10  M  Ba(N03)2  and  0.10  M  Sr(N03)2.  If  solid  Na2Cr04  is  added  to  the 
solution,  what  is  [Ba2+]  when  SrCr04  begins  to  precipitate? 

[Kjp  (BaCrC4)  =  1.2x  10"10;  Ksp  (SrCr04)  =  3.5  x  10-5] 

(a)  7.4  xlO-7  Cb)  2.0  xlO-7  (c)  6.1  xlO-7  (d)  3.4  x  10-7 


26.  A  solution  is  0.01  M  KI  and  0.1  M  KC1.  If  solid  AgN03  is  added  to  the  solution,  what  is  the  [I  1 
when  AgCl  begins  to  precipitate? 

IX*  (Agl)  =1.5  x  lO-16;  Ksp  (AgCl)  =1.8  x  10-1°] 

(a)  3.5  x  10-7  (b)  6.1  x  10-8  (c)  2.2  x  10~7*  (d)  8.3  x  10"8 

27.  A  solution  of  0.1  M  in  Cl"  and  10“4  M  Cr042.  If  solid  AgN03  is  gradually  added  to  this 
solution,  what  will  be  the  concentration  of  Cl-  when  Ag2Cr04  begins  to  precipitate? 

[Ksp  (AgCl)  =  10"10  M2;  Ksp  (Ag2Cr04)  =  10-12  M3] 

(a)  10-6  M  (b)  10-4  M  (c)  10-5  M  (d)  10-9  M 


28.  If  500  mL  of  0.4  M  AgN03  is  mbced  with  500  mL  of  2 M  NH3  solution  then  what  is  the 
concentration  of  Ag  (NH3)+  in  solution? 

Given  :  Kfi fAg(NH3)+]  =  103;  iC/2[Ag(NH3)^]  =  104 

(a)  3.33x10 ~7M  (b)  3 -33x10 _sM  (c)  3  x  10 (d)  10_7M 

29.  The  simultaneous  solubility  of  AgCN  (Ksp  =2.5x  10  16  )  and  AgCl  (Ksp  =1.6x  10_1°)inl.0M 
NH3(aq.)  are  respectively  :  [Given  :  K y  [Ag(NH3)2]  =  107] 

(a)  0.037,  5.78  x  10“8  (b)  5.78  x  10"8,  0.037 

(c)  0.04,  6.25  x  10"8  (d)  1.58  x  10-3, 1.26  x  10_s 


30.  There  exist  an  equilibrium  between  solid  SrS04  and  Sr2+  and  S04  ion  in  aqueous  medium. 

The  possible  equilibrium  states  are  shown  in  figure  as  thick  line.  Now,  if  equilibrium  is 
disturbed  by  addition  of  (a)  Sr(N03)2  and  (b)  K2S04  and  dotted  line  represent  approach  of 
system  towards  equilibrium.  Match  the  columns  given  below  : 


(vi) 


(a)  (I)  (iii),  (II)  (iv) 

(c)  (I)  (vi),  (II)  (v) 

31.  Solubility  of  AgCN  is  maximum  in 
(a)  acidic  buffer  solution 
(c)  in  pure  water 
*2- 


(b)  (I)  (iv),  (II)  (v) 

(d)  (I)  (iv),  (II)  (vi) 

(b)  basic  buffer  solution 
(d)  equal  in  all  solution 


32.  AgBr(s)  +  2S2O3  (uq. )  Ag(S203)2  (ciq. )  +  Br  (uq. ) 


[Using  :  Ksp  (AgBr)  =  5x  1(T13  Kf  (Ag(S203)^)  =  5  x  1013] 

What  is  the  molar  solubility  of  AgBr  in  0.1  M  Na2S203? 

(a)  0.5  M  (b)  0.45  M  (c)  0.045  M  (d)  None  of  these 

33.  What  is  [Ag+]  in  a  solution  made  by  dissolving  both  Ag2CrO 4  andAg2C204  until  saturation  is 
reached  with  respect  to  both  salts? 

[Ksp  (Ag2C204 )  =  2  x  IQ'11  ,  Ksp  (Ag2Cr04 )  =  2  x  10“12] 


(a)  2.80  x  10 


-4 


(b)  7.6  x  10 


-5 


(c)  6.63  x  10 


-6 


(d)  3.52  x  10-4 


34.  What  is  the  minimum  pH  required  to  prevent  the  precipitation  of  ZnS  in  a  solution  that  is  0.01 
M  ZnCl2  and  saturated  with  0.10  M  H2S? 

[Given  :  Ksp  =  10-2\.JCa]  xK^  =  10-20] 

(a)  0  (b)  1  (c)  2  (d)  4 

35.  The  salt  Al(OH)3  is  involved  in  the  following  two  equilibria, 

A1(OH)3(s)  Al^  (aq. )  +  30H"  (aq. );  Ksp 

A1(OH)3(s)  +  OH"  (aq.)  ^  Al(OH)4(aq.);  Kc 
Which  of  the  following  relationship  is  correct  at  which  solubility  is  minimum? 

rx„v/3  f  K  v/4 

(b)  [OH"]=  ' 


(a)  [OH-]  = 


(c)  [OH-]  =  J 


(d)  None  of  these 


PASSAGE  1 

Solution  of  an  acid  and  it’s  anion  (that  is,  it’s  conjugate  base)  or  of  a  base  and  it’s  common 
cation  are  buffered.  When  we  add  a  small  amount  of  acid  or  base  to  any  one  of  them,  the 
pH  of  solution  changes  very  little.  pH  of  buffer  solution  can  be  computed  as 

for  acidic  buffer :  pH  =  p K.  *  log 

[Acid] 

for  basic  buffer :  pOH  =  p If,  +  log  Ko"Ju8-ate-a.ciS 

[Base] 

It  is  generally  accepted  that  a  solution  has  useful  buffer  capacity  (pH  change  resisting 
power)  provided  that  the  value  of  [salt  or  conjugate  base]/ [acid]  for  acidic  buffer  lies 
within  the  range  of  1  : 10  to  10  : 1.  Buffer  capacity  is  max.  when  [conjugate  base]  =  [acid] 

1.  One  litre  of  an  aqueous  solution  contain  0.15  mole  of  CH3COOH  (p/Ca  =  4.8)  and  0.15  mole  of 
CH3COONa.  After  the  addition  of  0.05  mole  of  solid  NaOH  to  this  solution,  the  pH  will  be : 

(a)  4.5  (b)  4.8  (c)  5.1  (d)  5.4 

2.  Calculate  the  pH  of  a  solution  made  by  adding  0.01  mole  of  HC1  in  100  mL  of  a  solution  which 

is  0.2  M  in  NH3  (pKb  =  4.74)  and  0.3  M  in  NHJ  : 

(Assuming  no  change  in  volume) 

(a)  5.34  (b)  8.66  (c)  7.46  (d)  None  of  these 

3.  Useful  buffer  range  of  weak  acid  HA  (Ka  - 10-5)  is  : 

(a)  5  to  7  (b)  4  to  6  (c)  3  to  5  (d)  None  of  these 

4.  Select  correct  statement : 

(a)  When  we  add  small  amount  of  NaOH  in  acidic  buffer  solution,  pOH  of  solution  is  increases 

(b)  When  we  add  small  amount  of  NaOH  in  basic  buffer  solution,  pH  of  solution  is  increases 

(c)  When  we  add  small  amount  of  water  in  acidic  buffer  solution,  pH  of  solution  is  decreases 

(d)  When  100  mL  of  0.2  M  CH3COOH  react  with  200  mL  of  0.1  M  NaOH  buffer  solution  is 
formed 

PASSAGE  2 

■  W 

Hydrolysis  is  an  acid-base  reaction  of  a  cation  or  anion  or  both  ions  of  a  salt  with  water. 
Resultant  solution  of  hydrolysis  may  be  acidic,  basic  or  neutral.  The  anion  A~  which  is  a 
weaker  base  than  OH^  and  which  has  it’s  conjugate  acid  HA  stronger  than  water  but 
weaker  than  H30+  shows  the  phenomenon  of  hydrolysis  Ex. :  CH3COO~,CN“,  NO2,  etc. 

The  cation  B+  which  is  a  weaker  acid  than  H30+  and  which  has  ifs  conjugate  base  BOH 
stronger  than  water  but  weaker  than  OH  shows  the  phenomenon  of  hydrolysis  Ex. :  NH4 , 
C6HsNH+,  N2H3  etc. 


The  hydrolysis  constant  of  anion  and  cation  are  given  by 
A~(,aq. )  +  H2O(0  ^  HA(aq. )  +  OH  (aq. ) 

v  _  K  _  [H4(aq.)][OH-(qq.)] 

*  Ka  [A-(aq.)] 

B+(aq. )  +  H20(/)  ^  BOH(aq.)  +  Hf  (aq.) 

K  _*»■.  [BOH(aq. )]  [H+(aq. )] 
h"Kb  [  B+(aq.)] 


1.  Which  of  the  following  statement  is  true? 

(a)  Weaker  the  acid,  greater  will  be  hydrolysis  of  its  anion 

(b)  Weaker  the  base,  greater  will  be  hydrolysis  of  its  cation 

(c)  Both  (a)  and  (b) 

(d)  None  of  these 

2.  Select  the  correct  statement : 

(a)  KC1  undergoes  hydrolysis 

(b)  Kh  =Kb(A~)  and  Kh  =Ka(B+) 

(c)  0.1  M  solution  of  NaCN  is  acidic 

(d)  resultant  solution  of  equal  volume  of  0.1  M  NH3  and  0.1  M  HC1  is  basic 

3.  When  pure  ammonium  chloride  is  dissolved  in  pure  water,  the  pH  of  the  resulting  solution  is 
not  7.  This  is  because  : 

(a)  ammonium  ions  accept  protons  from  water  molecules  leaving  free  OH-  ions  in  solution 

(b)  ammonium  ions  donate  protons  to  water  molecules  forming  H30+  ions  in  solution 

(c)  ammonium  ions  combine  with  water  molecule  to  give  the  weak  base,  ammonium 
hydroxide 

(d)  chloride  ion  made  the  solution  acidic 

4.  Calculate  percentage  degree  of  hydrolysis  in  a  0.1  M  solution  of  CH3COONa. 

(fCQ  ot  CH3COOH  =  10"5) 

(a)  0.1  (b)  0.01  (c)  10"4  (d)  None  of  these 


PASSAGE 


Acid-base  indicators  are  either  weak  organic  acids  or  weak  organic  bases.  Indicator  change 
colour  in  dilute  solution  when  the  hydronium  ion  concentration  reaches  a  particular  value. 
For  example,  phenolphthalein  is  a  colourless  substance  in  any  aqueous  solution  with  a  pH 
less  than  8.3.  In  between  the  pH  range  8.3  to  10,  transition  of  colour  (colourless  to  pink) 
takes  place  and  if  pH  of  solution  is  greater  than  10  solution  is  dark  pink.  Considering  an 
acid  indicator  HIn,  the  equilibrium  involving  it  and  it’s  conjugate  base  In-  can  be 
represented  as  : 


HIn 

addic  form 


H+  +  In- 

basic  form 


pH  of  solution  can  be  computed  as  : 

pH  =  pKjn  +  log 

In  [HIn] 

In  general,  transition  of  colour  takes  place  in  between  the  pH  range  pKln  ±  1. 


1.  An  indicator  is  a  weak  acid  and  pH  range  is  4.0  to  6.0.  If  indicator  in  50%  ionized  in  a  given 
solution  then  what  is  the  ionization  constant  of  the  acid? 

(a)  10"4  (b)  1(T5  (c)  10'6  (d)  None  of  these 

2*  Select  the  correct  statement (s)  : 

(a)  At  midway  in  the  transition  of  an  acidic  indicator,  pH  =  pKIn 

(b)  Methyl  orange  (3.1  to  4.4)  is  a  suitable  indicator  for  titration  of  weak  acid  and  strong  base 

(c)  Bromothymol  blue  (6.0  to  7.6)  is  a  good  indicator  for  titration  of  HCl  and  NaOH 

(d)  Thymol  blue  (1.2  to  2.8)  is  a  very  good  indicator  for  titration  of  100  mL  of  0.1  M  NH4OH 
(pKb  =  4.74)  and  0.1  M  HCl 

3.  Following  is  the  titration  curve  of  two  acids  HA  and  HB  (5  milli-moles  each)  titrated  against 
strong  base  NaOH  (0.1  M) 

12 
10 
8 

pH 

6 

4 
3 
2 

25  50  75 

Volume  of  NaOH  (in  mL) 

What  is  p Ka  for  HB  acid? 

(a)  3  (b)  4  (c)  5  (d)  6 

4.  What  is  the  equilibrium  constant  for  the  reaction 

HB(aq. )  +  Na/Uaq. )  ^  HA(aq. )  +  NaB(aq. )? 

(a)  10  (b)  0.1  (c)  10‘7  (d)  10-11 

5.  Calculate  the  pH  at  equivalent  point  when  HB  is  titrated  with  NaOH. 

(a)  8.75  (b)  8.85  (c)  9.0  (d)  None  of  these 

6.  Which  of  the  following  indicator  is  most  suitable  for  titration  of  HB  with  strong  base  : 

(a)  Phenolphthalein  (8.3  - 10)  (b)  Bromothymol  blue  (6  -  7.6) 

(c)  Methyl  red  (4.2  -  6.3)  (d)  Malachite  green  (11.4  -  13) 
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PROBLEMS  IN  CHEMISTRY 


PASSAGE  4 

Consider  a  saturated  solution  of  silver  chloride  that  is  in  contact  with  solid  silver  chloride. 
The  solubility  equilibrium  can  be  represented  as 

AgCKs)  ^  Ag+(aq. )  +  Cl“(aq. );  Ksp  =  [Ag+  (aq.)]  [Cl"  (aq. )] 

Where  K  is  called  the  solubility  product  constant  or  simply  the  solubility  product.  In 
general,  the  solubility  product  of  a  compound  is  the  product  of  the  molar  concentrations  of 
the  constituent  ions,  each  raised  to  the  power  of  its  stoichiometric  coefficient  in  the 
equilibrium  equation. 

For  concentrations  of  ions  that  do  not  necessarily  correspond  to  equilibrium  conditions  we 
use  the  reaction  .quotient  (Q)  which  is  called  the  ion  or  ionic  product  (Q),  to  predict 
whether  a  precipitate  will  form.  Note  that  Q  has  the  same  form  as  Ksp. 

The  possible  relationships  between  Q  and  K  are 

Q  <  Ksp  Unsaturated  solution 
Q  =  Ksp  Saturated  solution 

Q  >  Ksp  Supersaturated  solution;  precipitate  will  form 

1.  Will  a  precipitate  form  if  SO  cm3  of  0.01  M  AgN03  and  50  cm3  of  2  x  10“5  MNaCl  are  mixed? 
[Given  :  Ksp  (AgCl)  =  10"l°  M2] 

(a)  Yes 

(b)  No 

(c)  Ionic  product  is  less  than  solubility  product,  hence  precipitate  will  form 

(d)  Data  insufficient 

2.  Will  a  precipitate  form  if  1  volume  of  0.1  M  Pb2+  ion  solution  is  mixed  with  3  volume  of  0.3  M 
Cl"  ion  solution?  [Given  :  Ksp  (PbCl2)  =  1.7  x  10"s  M3] 

(a)  Yes 

(b)  No 

(c)  Ionic  product  is  less  than  solubility  product,  hence  precipitate  will  form 

(d)  Data  insufficient 

3.  At  25°C,  will  a  precipitate  of  Mg(OH)2  form  when  a  0.0001  M  solution  of  Mg(N03)2  is 
adjusted  to  a  pH  of  9.0?  At  what  minimum  value  of  pH  will  precipitation  start? 

[Given  :  Ksp  (Mg(OH)2)  =  10~n  M3] 

(a)  No,  pH  =  3.5  (b)  No,  pH  =  10.5  (c)  No,  pH  =  6.0  (d)  Yes,  pH  =  8.5 

4.  Determine  the  molar  solubility  of  MgF2  from  it’s  solubility  product  Ksp  =  4  x  10"9  : 

(a)  10  (b)  6.32  x  10  5  (c)  2  x  10”s  (d)  None  of  these 

5.  The  solubility  product  of  ferric  hydroxide  in  aqueous  solution  is  6  x  10"38  at  298  K.  The 

solubility  of  Fe3+  ion  will  increase  when  the  : 

(a)  pH  is  increased 

(b)  pH  is  7.0 

(c)  pH  is  decreased 

(d)  saturated  solution  is  exposed  to  the  atmosphere 


/ 


V 


ONE  OR  MORE  ANSWERS  IS/ARE  CORRECT 


1.  Which  is/are  wrong  statement (s)? 

(a)  Arrhenius  acids  are  also  Bronsted  acids  but  all  Arrhenius  bases  are  not  Bronsted  bases 

(b)  All  Lewis  bases  are  Bronsted  bases 

(c)  All  Bronsted  acids  are  Lewis  adds 

(d)  Conjugate  base  of  a  strong  acid  is  weak 

2.  Which  of  the  following  are  conjugate  acid-base  pairs  : 

(a)  HCOs.COf*  (b)  C6HsNH3,C6HsNH2 

(c)  H2C204,  HC204  (d)  OH“,  H+ 

3.  Which  are  the  set  of  amphiprotic  spedes? 

(a)  H20,  H2P04>  HPO^-  (b)  HPO^,  HCO3 

(c)  h2po$,  h2po3,  hc2o;  (d)  HP03“,  h2o,  co|_ 


4.  Which  of  the  following  statements  is/are  not  correct? 

(a)  A  substance  which  can  provide  OH”  in  aqueous  medium  is  a  base 

(b)  A  substance  which  can  accept  a  pair  of  electron  is  a  base 

(c)  A  substance  which  can  accept  a  proton  in  aqueous  medium  is  a  base 

(d)  A  substance  which  can  donate  a  pair  of  electron  is  a  base 


5.  If  degree  of  ionization  (a)  of  a  weak  electrolyte  AB  is  very  less  then  a  is  : 

(a)  directly  proportional  to  the  square  root  of  volume  of  solution 

(b)  inversely  proportional  to  the  dilution 

(c)  inversely  proportional  to  the  square  root  of  concentration 

(d)  directly  proportional  to  concentration 

6.  Factor  influencing  the  degree  of  ionization  of  a  weak  electrolyte  is  : 

(a)  dilution  (b)  temperature 

(c)  presence  of  other  ions  (d)  nature  of  solvent 

7.  Which  of  the  following  statement(s)  is/are  correct  about  the  ionic  product  of  water? 

(a)  K(  (ionization  constant  of  water)  <  Kw  (ionic  product  of  water) 

(b)  pKi  >  p K„ 

(c)  At25°C,  K{  *=1.8x  1CT14 

(d)  Ionic  product  of  water  at  10°C  is  10“14 

8.  Which  among  the  following  statement  is/are  correct? 

(a)  pH  =  -  log10  [H30+]  for  dilute  solution 


(b)  pH  of  H20  decreases  with  increase  of  temperature 

(c)  pH  can  not  more  than  14 

(d)  If  a  solution  is  diluted  ten  times,  its  pH  always  increases  by  1 

9.  If  concentration  of  two  weak  acids  are  different  and  D.O.I.  (a)  are  very  less  then  their  relative 
strength  can  be  compared  by  : 


(a) 


[H+]i 

[H+]2 


(b) 

a2 


(0 


ciai 

C2a2 


(d) 


Kg,  Ci 
Ka2C2 


10.  If  concentration  of  two  weak  bases  are  same  and  D.O.I.  (a)  are  very  less  then  their  relative 
strength  can  be  compared  by  : 

(a,  (b)  (c)  a.  (d)  jK 

rnxT-i  it  v  '  i - — 


[OH”]; 


C  1  al 

(c)  — — 


1 1.  Which  of  the  following  expressions  is/are  true? 

(a)  [H+]  =  [OH-]  =  for  a  neutral  solution 

(b)  [OH  ]  <  K ~  for  an  acidic  solution 

(c)  pH  +  pOH  =  14  at  all  temperature 

(d)  [OH  ]  =10-7  M  at  25°C 

12.  If  Kai,Ka2  and  Ka3  be  the  first,  second  and  third  ionization  constant  of  H3P04  and 
K<>i  »  KQ2  »  KQ3  which  is/are  correct : 

(a)  [H+]  =  ^  [H3P04]  (b)  [H+]  -  [HP04-] 

(c)  Kaz  -  [HP04-]  (d)  [HP04“]  =  [P04-] 


(b)  [H+]  ~  [HP04] 
(d)  [HP04-]  =[P04-] 


13.  Which  of  the  following  mixtures  constitute  a  buffer? 

(a)  HCOOH  +  HCOONa  (b)  Na2C03  +  NaHC03 

(c)  NaCl  +  HC1  (d)  NH4C1  +  (NH4  )2S04 

14.  Which  of  the  following  mixtures  can  act  as  a  buffer? 

(a)  NaOH  +  HCOONa  (1  :  1  molar  ratio)  (b)  HCOOH  +  NaOH  (2  :  1  molar  ratio) 

(c)  NH4C1  +  NaOH  (2  :  1  molar  ratio)  (d)  HCOOH  +  NaOH  (1  :  1  molar  ratio) 

15.  Which  of  the  following  will  function  as  buffer? 

(a)  NaCl  +  NaOH  (b)  Borax  +  boric  acid 

(c)  NaH2P04  +  Na2HP04  (d)  NH4C1  +  NH40H 

16.  Which  of  the  following  statements  is/are  correct? 

(a)  The  conjugate  acid  of  NH2  is  NH3 

(b)  Solubility  product  constant  increases  with  increase  in  concentration  of  ions 

(c)  On  diluting  a  buffer  solution  pH  change  is  negligible 

(d)  In  alkaline  buffer  solution,  if  some  HCl  is  added,  it’s  [OH-]  will  increase 

17.  Degree  of  hydrolysis  (a)  for  a  salt  of  strong  acid  and  weak  base  is  :  • 

(a)  independent  of  dilution  (b)  increases  with  dilution 

(c)  increases  with  decrease  in  Kb  (d)  increases  with  increase  in  temperature 

18.  The  compound  whose  0.1  M  solution  is  acidic  : 

[pKa  of  HCOOH  =  3.75,  pfCh  of  NH4OH  =  4.74] 

(a)  Ammonium  formate  (b)  Ammonium  sulphate 

(c)  Ammonium  chloride  (d)  Sodium  formate 

19.  Formic  acid  is  a  weak  acid  and  hydrochloric  acid  is  a  strong  acid.  It  follows  that  the  : 

(a)  [OH-]  of  0.01  M  HCI  (aq.)  will  be  less  than  that  of  0.01  M  HCOOH  ( aq .) 

(b)  solution  containing  0.1  M  NaOH  (aq.)  and  0.1  M  HCOONa  (aq.)  is  a  buffer  solution 

(c)  pH  of  10  9  M  HCl  (aq.)  will  be  approximately  7  at  25°C 

(d)  pH  of  a  solution  formed  by  mixing  equimolar  quantities  of  HCOOH  and  HCl  will  be  less 

;  than  that  of  a  similar  solution  formed  from  HCOOH  and  HCOONa 


20.  If  you  have  a  saturated  solution  of  CaF2,  then  : 

(a)  [Ca2+]  =  CfCjp/ 4) 1/3  (b)  2  x  [Ca2+]  =  [F“] 

(c)  [Ca2+]  =  2  [F  ]  (d)  [Ca2+]  - 

21.  Which  is/ are  correct  statement(s)  about  the  solubility  of  AgCl(s).? 

Given  :  Ksp(AgCI)  Kf[Ag(mi3r2l  =108. 

(a)  Solubility  of  AgCl  in  pure  water  is  1CT5  gm/litre 

(b)  Solubility  of  AgCl  in  2 M  KBr  is  10-5  mol/litre 

(c)  Solubility  of  AgCl  in  2  M  AgN03  is  5x  10-11  M 

(d)  Solubility  of  AgCl  in  2M  NH3  is  0.182M 

22.  H 2A  is  a  weak  diprotic  acid.  If  the  pH  of  0.1M  H2A  solution  is  3  and  concentration  of  A2-  is 
10-12  at  25°C. 

Select  correct  statement(s) 

(a)  [H+]to,a.  « [H+]  from  first  step  of  ionisation  of  acid  H2A 

(b)  Concentration  of  OH-  in  solution  is  10"3  M 

(c)  The  value  of  is  nearly  10“5 

(d)  pKa2  -pKai  =9 

23.  Which  is/are  correct  statement(s)? 

(a)  CH3COONH4  have  greater  degree  of  hydrolysis  in  0.2  M  solution  in  comparison  of  0.4 M 
solution. 

(b)  Anion  have  lesser  basic  strength  than  OH-,  does  not  hydrolysis 

(c)  The  CH3COO"  have  greater  degree  of  hydrolysis  in  comparision  of  HCOO"  when  their 

salt  solution  have  equal  cone.  ... 

(d)  SO2-  does  hydrolysis  but  HS04  does  not  undergo  hydrolysis  .  * 

24.  0.01  M  NH4C1  (aq)  solution  at  25°C  has: 

(a)  [Cl-  (aq)]  <10  2 M  ,  (b)  [NHj  (aq)]  <  10 -2M 

(c)  pOH  >  7  (d)  [Ht]>10-7M 

25.  In  an  acidic  indicator  HIn  has  ionisation  constant  is  10-8.  The  acid  form  of  indicator  is  yellow 
and  alkaline  form  is  red.  Which  is  correct  statement: 

(Given  :  log2  =  0.3,  log3  =  0.48) 

(a)  The  pH  range  of  indicator  is  7  to  9 

(b)  Change  in  pH  is  0.96  when  75%  yellow  colour  change  to  75%  red  colour 

(c)  This  indicator  is  suitable  for  the  titration  of  strong  acid  Vs  strong  base 

(d)  pH  of  indicator  is  8.3  when  ratio  of  acid  form  to  alkaline  form  is  2. 


MATCH  THE  COLUMN 


Column-I  and  Column-II  contains  four  entries  each.  Entries  of  Column-I  are  to  be  matched 
with  some  entries  of  Column-II.  One  or  more  than  one  entries  of  Column-I  may  have  the 
matching  with  the  same  entries  of  Column-II. 


1.  j  Column-I 

(A)  HCi 

(B)  NH3 

(C)  H20 

(D)  CPT 

r 

2.  j  Co!umn-I 

(AD  Conjugate  acid-base  pair 

(B)  Add-base  adduct 

(C)  An  acid-base  reaction 

(D)  Proton  donation 

3.  ;  Column-I 

(A)  Fe(N03)2(aq.) 

(B)  KC104(aq.) 

(C)  HCOONa(aq. ) 

(D)  NH4CN(aq. ) 

4.  Column-I 

(A)  Salt  of  weak  acid  and  weak  base 

(B)  Salt  of  weak  acid  and  strong  base 

(C)  Salt  of  strong  acid  and  strong  base 

(D)  Salt  of  strong  acid  and  weak  base 


Column-II 

(P)  Bronsted  base 

(Q)  Bronsted  acid 

(R)  Arrhenius  acid 

(S)  Lewis  base  in  adduct  displacement  reaction 

Column-II 

(P)  Bronsted -Lowry  concept 

(Q)  Lewis  concept 

(R)  Arrhenius  concept 

(S)  Ka  Kb  =KW 

i  Column-II 

l 

(P)  Only  cationic  hydrolysis 

(Q)  Only  anionic  hydrolysis 

(R)  Both  cationic  as  well  as  anionic  hydrolysis 

(S)  No  hydrolysis 

Column-II 

(P)  pH  =  1/2  [pffw  +  p Ka  +  log  C] 

(Q)  pH  =  V2lpKw  +  pKa-pKb] 

(R)  pH  =  1/2  [pKH.  -  pKb  -  log  C] 

(S)  pH  =  1/2  [pit J 


Column-I 


Column-II 


5* : 

i 

(A)  Salt  of  weak  acid  and  weak  base 
(P  K0  =  pKfc) 

(B)  Salt  of  weak  acid  and  strong  base 

(C)  Salt  of  strong  acid  and  strong  base 

(D)  Salt  of  strong  acid  and  weak  base 


6.  ■  Column-I 

(A)  pH  of  0. 1 M  HA  (piCa  =  5)  and  0.0 1 M  NaA 

(B)  pH  of  0.1  MBOH  (pfCb  =  6)and0.1MBCl 

(C)  pH  of  0.1  M  salt  of  weak  acid  (pK„  =  5) 
and  weak  base  (p/Cb  =  7) 

(D)  pH  of  S00  litre  of  0.02  M  HNOa  and  500 
litre  0.01  MSr(OH)2 

r  . 

7.  |  Column-I 

(A)  CH3COOH(pk:a  =  4.74,  0.1  M) 

+  CH3COONa  (0.1  Af) 

(B)  CH3COOH  (0.1  M)  +  HCI  (0.1  M) 

(C)  CH3COOH(pfC<1  =  4.74, 0.1  M)  +  NH4OH 
(p  Kb  =4.74,0.1  M) 

(D)  CH3COONa(300mLof0.1Af)  +  HC1  (100 
mL  of  0.1  M) 

W  '  ■  ■*  ■ 

8. 1  Column-I 

(A)  Titration  of  a  strong  acid  with  strong  base 

(B)  Titration  of  weak  acid  with  strong  base 

(C)  Titration  of  strong  acid  with  weak  base 

(D)  Titration  of  weak  acid  with  weak  base 


(P)  pH  of  solution  at  25°C  less  than  7 

(Q)  pH  of  solution  at25°C  greater  than  7 

(R)  pH  of  solution  at  25°C  equal  to  7 

(S)  pH  cannot  be  find  until  the  value  of 
Ka/Kb  is  given 

Column-13 

(P)  4 

(Q)  7 

(R)  6 

(S)  8 

Column-II 

(P)  Acidic  buffer  at  it’s  maximum  capacity 

(Q)  Buffer  solution 

(R)  pH  <  7  at  25°C 

(S)  pH  =  7  at  25°C 

Column-II 

(P)  Methyl  orange  (3.1  -  4.4) 

(Q)  Methyl  red  (4.2  -  6.3) 

(R)  Phenolphthalein  (8.3  -  10) 

(S)  No  general  indicator  is  suitable 


9.  When  we  titrate  sodium  carbonate  solution  (in  beaker)  with  hydrochloric  acid 

^  _ v  ,1  _  *  * _ 


I  Column-1 

(A)  At  the  start  of  titration 

(B)  Before  the  first  equivalent  point 

(C)  At  the  first  equivalent  point 


Column-II 

(P)  Buffer  solution  of  HCO3  and  CO  3" 

(Q)  Buffer  solution  of  H2C03  and  HCOj 


(LJ  At  the  first  equivalent  point  (R)  Amphiprotic  anion, 

pH  =  1/2  (piCQl  +p Ka2) 

(D)  Between  the  first  and  second  equivalent  (S)  Hydrolysis  of  CO|" 
points 


Column-I 


Column-II 


(A)  Mercurous  iodide 

(P) 

108  S5 

(B)  Aluminium  phosphate 

(Q) 

4  S3 

(C)  Calcium  phosphate 

CR) 

S2 

(D)  Zirconium  phosphate 

(S) 

6912  S 1 

w  ASSERTION-REASON  TYPE  QUESTIONS 

Each  question  contains  STATEMENT-1  (Assertion)  and  STATEMENT-2  (Reason). 

Examine  the  statements  carefully  and  mark  the  correct  answer  according  to  the  instructions 
given  below  : 

(A)  If  both  the  statements  are  TRUE  and  STATEMENT-2  is  the  correct  explanation  of 
STATEMENT-1 

(B)  If  both  the  statements  are  TRUE  but  STATEMENT-2  is  NOT  the  correct  explanation  of 
STATEMENT-1 

(C)  If  STATEMENT-1  is  TRUE  and  STATEMENT-2  is  FALSE 

(D)  If  STATEMENT- 1  is  FALSE  and  STATEMENT-2  is  TRUE 

1*  STATEMENT-1  :  All  strong  monoprotic  acid  with  same  concentration  in  dilute  solution 
show  same  pH. 

STATEMENT-2  :  Water  shows  levelling  effect. 

2.  STATEMENT-1  :  If  water  is  heated  to  50°C  then  pH  will  increase. 

STATEMENT-2  :  Kw  increases  with  increase  in  temperature. 

3.  STATEMENT-1  :  Addition  of  HCl(aq.)  to  HCOOH(aq.)  decrease  the  ionization  of 

HCOOH  (aq.) 

STATEMENT-2  :  Due  to  common  ion  effect  of  H+,  ionization  of  HCOOH  decrease. 

4.  STATEMENT-1  :  pH  of  10‘7  M  HC1  is  less  than  7  at  25°C. 

STATEMENT-2  :  At  very  low  concentration  of  HC1,  contribution  of  H+  from  water  is 
considerable. 


5.  STATEMENT-1  : 

STATEMENT-2  : 

6.  STATEMENT-1  : 

STATEMENT-2  : 

7.  STATEMENT-1  : 

STATEMENT-2  : 

8.  STATEMENT-1  : 
STATEMENT-2  : 

9.  STATEMENT-1  : 

STATEMENT-2  : 

10.  STATEMENT-1  : 

STATEMENT-2  : 

11.  STATEMENT-1  : 

STATEMENT-2  : 

12.  STATEMENT-1  : 
STATEMENT-2  : 

13.  STATEMENT-1  : 
STATEMENT-2  : 

14.  STATEMENT-1  : 
STATEMENT-2  : 

15.  STATEMENT-1  : 
STATEMENT-2  : 


The  ionization  constants  of  weak  diprotic  acid  are  in  the  order  of 

>*a2- 

Removal  of  H+  from  anion  is  difficult  as  compare  to  neutral  atom. 

When  0.1  M  weak  diprotic  acid  H  2A  dissociates  with  its  dissociation 
constants  =  10~3  and  Ka2  =  10'8,  then  [A-2]  is  almost  equal  to  1CT3 

M. 

Since  KQ2  «  for  0.1  M  H2A,  so  [A-2]  is  negligible  w.r.t.  [HA']. 

pH  value  of  acidic  buffer  solution  change,  if  buffer  solution  is  diluted  upto 
very  larger  extent. 

[H+]  decrease  due  to  change  in  concentration  as  well  as  a  and  decrease  in 
concentration  is  more  as  compare  to  increase  in  a. 

In  a  titration  of  weak  acid  with  strong  base,  the  pH  at  the  half  equivalence 
point  is  pKa. 

At  half  equivalence  point,  it  will  form  acidic  buffer  at  it’s  maximum 
capacity  where  [acid]  =  [salt]. 

In  the  titration  of  Na2C03  with  HC1  using  methyl  orange  indicator,  the 
volume  of  the  acid  required  at  the  equivalence  point  is  twice  that  of  the 
acid  required  using  phenolphthalein  as  indicator. 

Two  moles  of  HC1  are  required  for  the  complete  neutralisation  of  one 
mole  of  Na2C03. 

In  the  acid-base  titration  involving  strong  base  and  weak  acid,  methyl  red 
can  be  used  as  an  indicator. 

Methyl  red  changes  its  colour  in  the  pH  range  4.2  to  6.3. 

Sparingly  soluble  salts  AB  and  XY2  with  the  same  solubility  product,  will 
have  different  solubility. 

Solubility  of  sparingly  soluble  salt  depend  upon  solubility  product. 
Solubility  product  of  BaF2  will  increase  on  dilution. 

Solubility  of  BaF2  will  change  on  changing  temperature. 

Solubility  of  sparingly  soluble  salt  decreases  due  to  common  ion  effect. 
Solubility  product  constant  does  not  depend  on  common  ion  effect. 
Solubility  of  AgCl  in  NH3(aq.)  is  greater  than  in  pure  water. 

When  AgCl  dissolve  in  NH3(aq.),  complex  ion  formation  Ag(NH3)£ 
takes  place  and  solubility  equilibria  of  AgCl  shifted  in  forward  direction. 
Solubility  of  AgCN  in  acidic  solution  is  greater  than  that  in  pure  water. 
Solubility  equilibria  of  AgCN  in  water  is  shifted  in  forward  direction  due 
to  formation  of  HCN. 


SUBJECTIVE  PROBLEMS 

1.  Calculate  pOH  of  0.1  M  aq.  solution  of  weak  base  BOH  (Kb  =  10"7 )  at  25°C. 

2.  pH  of  0.01M  aq.  solution  of  HA  is  4.  Find  the  value  of  pKa  of  HA  at  25°C. 

3.  Calculate  approximate  pH  of  10 _10M  NaOH  at  25°C. 

4.  Calculate  pH  of  a  resultant  solution  of  25  mL  of  0.1M  HC1,  50  mL  of  0.02M  HNO,  and  25  mL 
of  0.1  M  NaOH. 

5.  Calculate  pH  of  a  resultant  solution  of  0.1M  HA  (Ka  =  10-6)  and  0.45 M  HB  (Ka  =  2x  10-6)  at 
25°C. 

6.  0.16g  N 2H4  (Kb  =  4  x  10-6)  are  dissolved  in  water  and  the  total  volume  made  up  to  500  mL. 
Calculate  the  percentage  of  N2H4  that  has  reacted  with  water  in  this  solution 

7.  Calculate  pH  of  a  buffer  solution  that  contains  0.1  M  NH4OH  (Kb  =  10“s)  and  0.1  M  NH4C1. 

8.  Calculate  the  ratio  of  sodium  formate  and  formic  acid  (Ka  =  2x  10^)  in  a  buffer  solution  of 
pH  =  4. 3. 

9.  What  is  the  pOH  of  0.1  KB  (salt  of  weak  acid  and  strong  base)  at  25°C  ?  (Given  :  p Kb  of  B“  =  7) 

10.  A  certain  weak  acid  has  Ka  =  10-5.  If  the  equilibrium  constant  for  its  reaction  with  a  strong 
base  is  represented  as  y  x  1010  then  find  the  value  of  y. 

11.  If  solubility  of  AgCl  in  0.2 M  solution  of  AgN03  is  represented  as  y  x  10-10  then  find  the  value 
of  y. 

(Given  :Ksp(AgCI)  =10-10) 

12.  When  one  litte  of  a  saturated  solution  of  PbCl2  (mol.  wt  =  278)  is  evaporated,  the  residue  is 
found  to  weight  2.78g.  If  Ks?  of  PbCl2  is  represented  as  y  x  10-6  then  find  the  value  of  y. 

13.  A  solution  is  saturated  in  SrC03  and  SrF2.  The  C03“  was  found  to  be  10'3  mol/L. 

If  the  concentration  of  F“  in  solution  is  represented  as  y  x  10"2  M  then  what  is  the  value  ofy  ? 
[Given  :  Ksp(SrC03)  =  2.5x  10-10;  Ksp(SrF2)  =  10-10] 

14.  10  mL  of  H2  A  (weak  diprotic  acid)  solution  is  titrated  against  0.1  M  NaOH.  pH  of  the  solution 
is  plotted  against  volume  of  strong  base  added  and  following  observation  is  made. 


Vol.  of  strong  Base  (mL) 

If  pH  of  the  solution  at  first  equivalence  point  is  pHa  and  at  second  equivalence  point  is  pH2. 

Calculate  the  value  of  (pH2  -pH^  at  25°C 

Given:  For  H2A,  pK ^  =  4.6  and  pKQ2  =  8,  log  25  =  1.4 


15.  Amongst  the  following,  the  total  number  of  compounds  whose  aqueous  solution  turns  red 
litmus  paper  blue  is: 


NaCN  KCl 

FeCN03)3  Na2C03 

Given: 

Acid 

H3P4 

h2co3 

h2c2o4 


CH3COONH4 

NaH2PO 

nh4ci 

NaHC03 

Kat 

Ka2 

10“3 

10“8 

10-8 

10-11 

1CT2 

10_s 

ZnCl2  Na3P04 

Na2C204  Na2HP04 


Ka3 

10-12 


ANSWERS 


MM 


Lfevel 


1. 

(d) 

2.  (c) 

3.  (a) 

4. 

(c) 

5.  (c) 

6. 

(a) 

7. 

(a) 

8. 

(d) 

9.  (d) 

10. 

(O 

11. 

(d) 

12.  (d) 

13.  (c) 

14. 

(d) 

15.  (b) 

16. 

(d) 

17. 

(a) 

18. 

(d) 

19.  (c) 

20. 

(c) 

21. 

(a) 

22.  (b) 

23.  (a) 

24. 

(b) 

25.  (a) 

26. 

(0 

27. 

(b) 

28. 

(c) 

29.  (b) 

30. 

(b) 

31. 

(b) 

32.  (a) 

33.  (b) 

34. 

(a) 

35.  (a) 

36. 

(b) 

37. 

(0 

38. 

(a) 

39.  (c) 

40. 

(0 

41. 

(0 

42.  (c) 

43.  (b) 

44. 

(c) 

45.  (b) 

46. 

(a) 

47. 

(0 

48. 

(d) 

49.  (d) 

50. 

M) 

51. 

<d) 

52.  (b) 

53.  (b) 

54. 

<0 

55.  <d) 

56. 

(d) 

57. 

<b) 

58. 

<0 

59.  (c) 

60. 

(b) 

61. 

(b) 

62.  (d) 

63.  (b) 

64. 

(b) 

65.  (b) 

66. 

(c) 

67. 

(a) 

68. 

(c) 

69.  (d) 

70. 

(a) 

71. 

(d) 

72.  (b) 

73.  (d) 

74. 

(c) 

75.  <b) 

76. 

(b) 

77. 

(a) 

78. 

(d) 

79.  (b) 

80. 

(0 

81. 

(b) 

82.  (d) 

83.  (a) 

84. 

(a) 

65.  <c) 

86. 

(a) 

87. 

(0 

88. 

(b) 

89.  (d) 

90. 

(b) 

91. 

(0 

92.  (d) 

93.  (b) 

94. 

(a) 

95.  (d) 

96. 

(a) 

97. 

(a) 

98. 

(d) 

99.  (b) 

too. 

(a) 

101. 

(a) 

102.  (b) 

103.  (c) 

104. 

(b) 

105.  (c) 

106. 

<d) 

107. 

(d) 

108. 

(b) 

109.  (a) 

110. 

(0 

111. 

(d) 

112.  (c) 

113.  (a) 

114. 

(a) 

115.  (a) 

116. 

(c) 

117. 

(a) 

118. 

(c) 

119.  (a) 

120. 

(a) 

121. 

(0 

122.  (c) 

123.  (c) 

124. 

(a) 

125.  (c) 

126. 

(d) 

127. 

(a) 

128. 

(a) 

129.  (d) 

130. 

(b) 

131. 

(d) 

132.  (b) 

133.  (c) 

134. 

(0 

135.  <d) 

136. 

<d) 

137. 

(a) 

138. 

(d) 

139.  (c) 

140. 

(a) 

141. 

(a) 

142.  (d) 

143.  (c) 

144. 

(c) 

145.  (d) 

146. 

(a) 

147. 

(b) 

148. 

(b) 

149.  (d) 

150. 

(b) 

1.  (d) 

2.  (c) 

3.  (c) 

4.  (a) 

5.  (d) 

6.  <c) 

7.  (a) 

8.  (d) 

9.  (a) 

10.  (a) 

11.  <d) 

12.  (c) 

13.  (a) 

14.  (b) 

15.  (c) 

16.  (c) 

17.  (b) 

18.  (c) 

19.  (b) 

20.  (b) 

21.  (b) 

22.  (d) 

23.  (c) 

24.  (c) 

25.  (d) 

26.  (d) 

27.  (a) 

28.  (b) 

29.  (a) 

30.  (b) 

31.  (a) 

32.  (c) 

33.  (d) 

34.  (b) 

35.  (d) 

■*mi3 


Passage-1: 

1. 

(0 

2. 

(b) 

3. 

(b) 

4. 

(b) 

Pflssaga-2: 

1. 

(0 

2. 

(b) 

3. 

(b) 

4. 

(b) 

Passage-3: 

1. 

(b) 

2. 

(a,c) 

3. 

(0 

4. 

(a) 

5.  (b) 

6.  (a) 

Passage-4: 

1. 

(a) 

2. 

(a) 

3. 

(b) 

4. 

(a) 

5.  (c) 

One  or  More  Answer  is/are  Correct 

1.  (b,c)  2.  (a,b,c)  3.  (a,b)  4.  (b)  5.  (a,c)  B.(a,b,c,d) 

9.  (a,c)  10.  (a,c,d)  11.  (a.b.d)  12.  (a,c)  13.  (a,b)  14.  (b,  c) 

17.  (b,  c,  d)  18.  (b,  c)  19.  (a,  c,  d)  20.  (a,  b)  21.  (b,c,d)  22.  (a,c) 

25.  (a,b,c) 


7.  (a,b)  8.  (a,b) 

15.  (b,  c,  d)  16.  (a,  c) 

23.  (c,d)  24.  (b3c,d) 


Match  the  Column 


.1- 

A  •->  Q,  R; 

B->  P,  S; 

C  ->  P  Q,  S; 

D->  P,  S 

.2- 

A->P,  S: 

B->Q; 

C  — >  P,  Q,  R; 

D  P;R 

3. 

A  »  P; 

B  — ►  S; 

C-*Q; 

D  ->  R 

4. 

A  Q; 

B->  P; 

C  ->  S; 

D  ->  R 

5. 

A  ->  R; 

B  — ►  Q,  S; 

C  -►  R; 

D4P,S 

6. 

A  ->  P; 

B  S; 

C  — >  R; 

D  Q 

7. 

A  ~»  P,  Q,  R; 

B-»  R; 

C  ->  Q,  S; 

D  Q,  R 

8. 

A  ->  P,  Q,  R; 

B-»  R; 

C  P,  Q;  . 

D  — >  S 

9. 

A->  S; 

B->  P; 

C->  R; 

D->  Q 

10. 

A-»  Q; 

B  — >  R* 

C->  P; 

D— >  S 

Assertion-Reason  Type  Questions 
1 

1.  (A)  2.  (D)  3.  (A)  4.  (A)  5.  (A)  6.  <D)  7.  (A)  8.  (A)  9.  (B)  10.  (D) 

11.  (B)  12.  (D)  13.  (B)  14.  (A)  IS.  (A) 

Subjective  Problems 

1.  4  2.  6  3.  7  4.  2  5.  3  6.  2  7.  9  8.  4  9.  4  10.  9 


11.  5  12.  4 


13.  2 


14.  4  15.  6 


Hints  and  Solutions 


[Level  1  ^ 

4.  (c)  H3P02  and  H3P03  are  mono  and  dibasic 
adds.  Hence,  NaH2P02  and  Na2HP03  are 
normal  salts.  While  Na2HP04  is  add-salt  as 
one  proton  is  there  in  the  compound. 

16*  (d)When  equal  volumes  are  taken,  the 
concentration  becomes  half. 

[H+]  =  i  (10~3  +  1CTS) 

=  505  X 10-6 
pH  =  3.3 

17.  (a)  [H*]  =  0.002  M 

pH  =  log  2  x  10"3 
=  3  -  log  2 
pOH  =  11  +  log  2 

18.  (d)pH  =  4>  [H+]  =  10”4  mol/litre 

Equivalent  of  HCl  in  100  mL  solution 

IQ-4  x  100  5 

1000 

19*  (c)  NlVl=N2V2 

10“3  xlQ  =  N2  xl000 
=>  N2=  10“s 

pH  =  5 

and  pOH  =  14  -  5  =  9 

22*  (b)  [Ca(OH)2(aq.  )]  =  —  x  *222 

74  1500 

=  5.40  xlO"3 

Ca(OH)2(aq.)  - >  Ca2+(aq. )+ 20H~  (aq.) 

[Ca2+]  =  5.40  xl0“3 

[OH“]  =  2  x  5.40  x  10"3  =  1.08  x  10’2 

27.  (b)  Milli-equivalents  of  HCl  -  25  x  0.08  =  2 

Milli-equivalents  of  NaOH  =2.5 

remaining  [OH-]  =  2  =  10“3 

500 

[H+]  =  10“11  or  pH  =  11 


29.  (b)  20  meq.  of  HCl  reacts  completely  with  20 
meq.  of  KOH.  Hence,  the  final  solution  is 
neutral.  Thus,  at  90°C,  pH  =  6. 

!  1 

32.  (a)  v  Strength  of  acid  oc - 

P*a 

Formic  add  will  be  the  strongest  acid. 
35.  (a)  HA(aq.)  ^  H+(aq.)  +  A’(aq.) 

at  equilibrium  .C(  1  -  a)  Ca  Ca 


=>  .  io -jew*! 

1  -  a 

=>  a  =  0.095 

=>  %  a  =  9.5 

36.  (a)  pH  =  9;  [OH-]  =  10‘S;  Ca=10‘5 
/.  a  =10“* 

%  ionization  =  lO^4  x  100  =  0.01% 

40.  (c)  a  is  negligible  w.r.t.  1  so  Ka  =  Ca2  • 

=>0.1x(0.01)2=>10-5 

P^=5 

41.  (c)  HCOOH  H+  +  HCOCT 

C~  X  X  +  0.01  X 

_(*+  0-01)  X 

Q  0.01  -  x 


neglect  x  w.r.t.  0.01  due  to  common  ion 
effect 

Ka=x 

jt=[HCOO"]  =  1.8xlO’4 
43*  (b)  v  a  is  negligible  w.r.t.  1 
Ka  =Cj  a2  =C2a2 


=  0.2x1  =  0.05 
4 

C,v,  =  C2V2 


IONIC  EQUILIBRIUM 


W 


=>  300  x  0.2  =  0.05  xV2 

=>  V2  =  1200  mL 
Volume  of  HzO  added  =  1200  -  300 


=  900  mL 

44.  (c)  Due  to  low  value  of  Kb  and  common  ion 

effect  we  can  neglect  x  w.r.t.  0.01  when 
x  =  ca 

„  xx  0.01 
6  0.02 

x=[NH$]  =  3.6xl0's 

„  1x22.41 

45.  M%H2(g)-0  0821x273-l 

nHNH2 _ _  -I 


[RNH2(aq. )]  = 


Volume  of  solution 


a  is  negligible  w.r.t.  1  so 
pOH  =  i  [pKj,  -  log  C]  =  2 

46,  (a)  a  is  negligible  w.r.t.  1  for  both  acid  so 
[H  +]=VfCaiC1+KflJC2 

=  ^1.8  x  10-s  x  0.01  +  6.3  x  10"s  x  0.01 
[H+]  =V81  xlO-*  =9x10^ 

_1D 

1000C 

Vicr9 


47-  (c)[HA]=i Sr10'5M 


a  =  - 


10" 


0.01  (negligible  w.r.t.  1) 


.-.  [H^^/lO-9  xlO-5  =>  VlO  14 
=>  10 -?M,  v  [H+]<10-6JW 

N. 

So  we  should  consider  [H*]  from  H20  => 
[FT*  ]  tota!  =  2  x  10‘7  without  considering 
common  ion  effect  pH  =  6.7,  so  pOH  =  7.3 
but  due  to  C.I.  effect  H+  from  H20  will  be 
less 

so  pH  >  6.7 

/.  pOH  of  solution  is  exist  between  7.0  and 
7.3. 

48,  (d)  and  49,  (d) 

[H4]toCal  [HCO3] 

[H2C03] 


K«,=: 


v  KQ]  »Kq2  and  concentration  is 
appreciable  so  we  can  neglect  a  w.r.t.  1 

[H+]total  ^[HCO;]; 


[HCO3]  =  V4  xl0‘7  *  0.025  =>  10 
and  [CO 

50.  (d)  [  H+  ]  tota,  =  [  H*  ]  from  first  step 
Ca2 


K°'  a  -  a) 


;  a  is  not  negligible 


w.r.t.  1  so 

after  solving  quadratic  equation  a  -  0.095 
10"14 

[OH-]  = 


54,  (c) 


0.95x0.3 
3.5  X 10"13 

PH  =  Ip/Cfl-ilogC 

-»  5  =  ipiCa+ix2 


pKa  =  8  =>  pKb  =  8; 

pOH  =  i  pKj-i  log  C  =4+2=6 

io-14 


67.  (a)  IC^kocn) -^ijo 


Kk=K 


KOCN") 


=  10 


,-10 


a  =  =  J~—~—  ~  10“ 

VC  V  0.01 


v  a  «  0.1;  .'.  Kh-ca2 
[OH-]  =  ca;  [OH-]  =  0.01  x  10^  =  10-6  M 
0.4 
0.1 


69.  (d)^-  = 

a2  yCj  a2 


a2  =  0.005  or  %  a2  =  0.5 
71.  (d)h: 


.=  E 

w 


(Enthalpy  of  neutralisation!  iif0  i  h  t 

72.  fb)  [NaA]  =  25  *  °'1  =  —  • 

25+  50  75 

[H+]  —  =  1-732  x  10-9 

74.  (c)pH  =  i(pKlt,  +  pKa-pfCI))=6.S 

75.  (b)  v  pH  =  ipfCw+ipK:fl-ip/C1)  =  7  . 

and  a  =  E^=J^^=0.1 
iKaKb  VlO-12 

or  %  a  =  10 

76.  (b)  a  does  not  depend  on  concentration  in  this 

case. 


I 


103.  (c)  H3P04  +  P04~ 


77.  (a)  a  =  J-^r>  [H30+]  =Ca 

1  L 

=  JFh  *C  =  Vo.02  X  5  X 10'9  =  10" 

79.  (b)  a  is  not  negligible  w.r.t.  1  so  after  solving 
quadratic  equation  a  =  0.095 
[H*]  =  Ca  =  0.0095;  pH  =  2.02 

83.  (a) 

CH3COOH+  NaOH  - >  CH3COONa  +  H20 

initis!  6  2  —  1  — 

milli¬ 
moles 

after  4  —  2  — 

reaction 

„  „  .  [CH3COO_] 

pH  =  p Ka  +  log - 3 - -  =  4.44 

a  6  [CHjCOOH] 


91.  (c) 


CH,NH,  +  HC1 


initial  milli-moles  1.2  0.08 

after  reaction  0.04  — 


CH3NH3C1 


92.  (d) 


.  tCH3NH?] 

pOH  =  p Kb  +  log  - — 2 - 

6  6[CH3NH2) 

-3,.,og^3, 

0.04 

pH  =  10.4 

pOH  =  p Kb  +  log  tNH^]  =  6 

r  0  0  r  mli  n 


*[NH4OH] 

pH  =  14- 6  =  8.0 

97.  (a)  Henderson  equation  is 

pH  =  pKa  +  log  p— =  4 
[acid] 

pOH  =  10,  [OH“]  =  l(T10 

Number  of  OH"  ions  =  10"10  NA; 

where  NA  =  Avogadro’s  number. 

101  (a)MolofC6HsCOOH  =  — =  0.5; 

65  122 

Mol  of  C6HsCOONa  =  —  =  0.5 
144 

(C6HjCOOH) 

pH  =  4.2+  log =  36 
0.8 


102.  (b)  pH  =  pKa  +  log 


[CO  |T 
[HCOj] 


=  (11  -  log  4)  +  log 


U.4j 


103.  (c)  H3P04  +  PO?~  - >  H2PO;  +  HPOf 

initial  20x0.1  20x0.1 

milli 

moles 

after  —  —  2  2 

reaction 

Buffer  solution  of  H2P04  (acid)  and  HPO2' 
(conjugate  base)  is  formed; 

pH  -  pK  .  log  ■  pK. 

2  [h,po;j  '■ 

107.  (d)  At  equivalent  point 

pH  =  i[p^.  +  pJC0+1ogC] 

=  i  [14  +  4.74  -  2!  =  8.37 


Where  [Salt]  = 


milli-  moles  of  add 


Total  volume 


20x0,02 
20  +  20 


109.  (a)  HIn 


For  best  indicator  pH  at  equivalent  point 
should  lie  between  colour  transition  range 
of  indicator. 

HIn  ^  ln“  +  H+;  Kln  =  [H*]  tIn  3 

CHIn] 


Case  I:  3x10",  0-25 

0.75 

Case  n:3,.10-» -Mil;  ” 
0.25 

[H+]j  =  9  x  10"5  [H+]2  =  10“5 
Change  in  (H+)  =  8  xlO"5 

116.  (c)  When  1  litre  each  solution  are  mixed 

[OH-]  =  10-6  M  (Buffer  solution) 
M'”'  =  0.05  M 

for  Q=[0.5][10*6]2  =  5xl0~M 
Q  >  Ksp  for  Fe2+  and  Ni2* 

So  Fe(OH)2  and  Ni(OH)2  are  ppt. 

117.  (a)  For[Ca+2],  =M2V2 

0.04  x  50  =  M2  x  200  =>  M2  =  0.01 
Similarly,  for  [S042] 

0.0008  x  150  =  M2  x  200 
=>  M2  =  0.0006 
ionic  product  (Q)  =  [Ca+Z]  x  [S042] 

=  6x10"  So  Q<K„ 


120.  (a)  [Ag+]  = 


10 


,-3 


50+50 


x  1000  =  0.01 


01x50  =  QOS 

50+50 

Q  =  [Ag+]  [Cl-]  =  5  x  10-4 

v  Q>Ksp 

Ag+  (aq. )  +  Cl  (aq.  )  - >  AgCl  (s) 

at  given  condition  0.01  0.05 

after  precipitation  x  -  0.04 

Ksp=[Ag+ncn;  10-1°  =  x  x  0.04 
x  =  [Ag+]  =  2.5  x  10-9 

124*  (a)  The  corresponding  values  of  solubility 
products  of  the  given  electrolytes  are  : 

MX1  MX  2  MX  3 

S2  =  10-6,  4S3  =  4  x  10-9,  27S4  =  27  x  10-12 

128.  (a)  Solubility  of  AB  =  yjKsp  =  2  x  10-I° 

[k 

Solubility  of  A2B  =  =  2  x  lO^4 


Solubility  of  AB3  - 


■|1/ 4 


v  sp 


=  10* 


27 

129.(d)HgS04(s)  ^  Hg2+  (aq. )  +  S02-(aq. ) 

S  =  ^6.4  x  10-5  =  8  x  10-3  mol/L 
=  8  mol/m3 

134.  (c)  BaF2(s)  ^  Ba2+ (aq. )  +  2F“(aq. ) 

S  2  S 

,xl/3 

ricr 


%sp  -4S3;  S  - 


=  0.63  xlO-2 


Molarity  of  F"  =  2  S  =  2  x  0.63  x  10  2 
=  1.26  xlO-2 

136.  (d)  Cu(OH)2(s)  ^  Cu  2+  (aq. )  +  20H“ (aq. ) 


2  S 


Ksp  =  4S3 


S  =  4  x  10-7 
[OH-]  =  2  S  =  8  x  10-7 
pOH  =  6.1  pH  =  7.90 
137.  (a)  [Ag+]  or  S  =  =  10-5  M 


5  14.35x10 

I  J  — 


l-3 


10  = 


143.5 


V  (in  litre) 

V=  10  litre  or  0.01m3 


141.  (a)  Let  solubility  of  Ag2C03  in  presence  of 
Na2C03  is  x, 

Ag2C03(s)  ^  2Ag+(aq.)  +  CO|-(aq.) 


2x  (x  +  0.1) -0.1' 

+  i2 


^5p=[Ag+]Z[COf] 

4  x  10713  =  (2x)2  x  0.1 


146.  (a)  PbBr2(s) 


x  =  10b 

*  Pb+2(aq.  )  +  2Br“(aq. ) 
0.8  S 


Ksp=[Pb+2]  [Br] 

=>  8  x  10-5  =  (0.8  S)  (1 .6  S)2 


2  x  0.8  xS 
2 


10 


, -4 


1/3 


1.6  xl.6 
147.  (b)  For  basic  buffer  solution 
pOH  =  p  Kb  +  log 


[NH4I  _ 


[NH3] 


=  P^b 


[OH"]  =  1.8x10 


,-5 


Jfsp=[Mn2+][OH-]2 
[Mn2+]  =  1.38  x  10-4  M 

148.  (b)  [OH-] 


iasEI- 

y[Mg2+] 


-10- 


pOH  =  pJCb  +  log 
=>  4  =  5  +  log 


10-3 
[NH4C1]  . 
[NH3] 
[NH4C1] 
[NH3] 


0.10  = 


[NH4C1] 


[NH3] 

moles  of  NH4C1  required  =  0.1  x  0.02 
=  2  xlO-3 

149.  (d)  Due  to  higher  value  of  Kf,  mosdy  Ag+ 
converted  into  complex. 

Agl(s)  Ag+(aq.  )  +  I-(aq. );  Ksp 

Ag+ (aq. )+  2NH3(aq. )  ^  Ag(NH3  )2(aq. );  Kf 
overall  reaction  is 

Agl(s)  +  2NH3 (aq.)  ^  Ag(NH3 )2 (aq.  )  +  I-(aq.) 

K*t=KfKf 

a 

x  =  4.9  x  10-s  mol/litre 
So  mass  of  Agl  required  is 

=  4.9  x  10-5  x  235  =0.011  g 


i  Level  2 

1.  (d) 


TCI  +  NaOT 


NaCl  +  T,0 


milli-moles  ' 

milli-mples>  of  remaining  NaOT  =  1.75 

[OT]  =  =  7  x  10-2  moles 

25 

pOT  =  2  -  log  7 
pT  +  pOT=  7.62x2 
pT  =  15.24 -2+ log  7 
=  13.24  +  log  7 

2.  (c)  2NH3  ^  NH;  +  NH2;  [NHj]  = 

1Csic=[NH4+][NH;] 

[nh;i  =  io-15m 

'•*  Number  of  NH4  ions  in  1000  cm3 
=  10~15  x  6.022  x  1023 
Number  of  NH4  ions  in  100  cm3 

=  10-15  x  6.022  x  1023  x  -M- 
1000 

=  6.022  x  107 

3.  (c)  a  is  very  less  so  [H+]  =  ^Ka  x C  =  3  x  10"3 


Now  [IT]  = 


■  1.5  xlO-3 


(1.5  Xl0-3): 


milli-moles  of  acid  remain  constant 

Ci  H-cav2 

10  x  0.5  =  0.125  xV2 
=>  V2  =  40  litre 

l  riT+,  10  X  0.3 -10  X  0.1  _  _ 


4.  (a)  [H+]  = 


10+10+20 


20x0,1 

20+20 


Due  to  common  ion  effect  neglect  x  w.r.t.  0.05 
K  _  (0.05+  y)-x  __ 

“  ~  (0.05  -x)  ~X 
x  =  10~5 


[HA]  +  [A-]  jc  +  0.05 


5.  (d]FCH2COOH(aq.)^  FCH2COO“ (aq. )  +  H+(aq.J 

ateqm.  C (1-a)  Ccx  Ca 

K  [H+]  [FCH2COO~] 

"  [FCH2COOH] 

o  2.6  xlQ~3  =■  (2_xl0~3)2 
[FCH2COOH] 

at  eqm.  [FCH2COOH]  =  1.53  x  10“3 
Total  concentration  =  2  x  10“3  +  1.53  x  1CT3 
=  3.53  x  10-3 

6.  (c)  HCOOH(aq.)+ H2O(0  HCOO  "(aq.) 


6.  (c)  HCOOH(aq.)+ H2O(0 

Ci -x 


+  H30 +(aq.) 


Ka(m 


HF(aq.)+ H2O(0  t=^  F"(aq.)+  H30+(aq.) 

Cl -y  y  X  +  y 

v  a  is  very  less  for  both  acid  so 
Ka  (HCOOH)  =  — +  ; 

Cl 

Ka  (HF)  =  y  (X  + 

Cz 

x_K^  (HCOOH)  C, 

y  Ka  (hf)c2 

[HCOQ-]  x 
[F  ]  y 

2  x  IQ*4  x  0.2  2 

6.6  x  10-4  x  0.1  _  3~3 

7.  (a)  First  dissociation 

*(OH)3  - >  X(OH)2  +  OH- 

Second  dissociation  : 

«x(oh)J  — >  a-(oh)2+  +  car 

Total  [OH-]  =  4  x  10-3  +  2  x  10-3  =  6  x  10"3 

pOH  =  3  -  log  6  =  2.22 
pH  =  11.78 

8.  (d)  a  is  negligible  w.r.t.  1 

[H4-]  mainly  from  first  step 

[H+]  =  xC  =  -y/lO-5  x  0.1  =  10-3 
■  _[H+][A3-]_1  .3  10-3[A3-] 


Jf(OH)2+  +  OH- 


[H+]  [A3-] 
[HA2-] 

=  I^U1( 

[H A2-] 
pX  =  10 


[HA2-] 


=  1QT10; 


9.  (a)  Ca(LaC)2  - >  Ca2+  +  2LaC' 

Initial  concentration  0.6/2  -  0.3  M 
After  dissociation  [LaC“]  =  2  x  0.3  x  0.9 

=  0.54  M 

pH  =  ~  [pK*  +  p Ka  +  log  (LaC')] 

14  -  5.6  =  i  [14  +  pfta  +  log  (0.54)] 
p Ka  =  2.8  -  log  (0.54) 

10.  (a)  CH3COO_(aq. )  +  NH;(aq. )  +  H2O(0  ^ 

at  equilibrium  C(l-a)  C(l-a) 

,  CH3COOH(aq.  )  +  NH4OH(aq.  ) 

C  cl  C  a 

a2 


is 

K  —  w  = 
h  KaKb  (1  -  a)2 

IQ-14  _  a2 

(1.8  xl(T5)2  (1-a)2 


10 


.-2 


a  =  5.55  x  10 


k-3 


1.8  1-a 

[CH3COOH]  =  C  a 

=  0.01  X  0.0055  =  5.55  x  10"5 

11.  (d)Fe3+(aq.)+ H2O(0  ^  Fe(OH)2+(aq. ) 

+  H30 +(aq. ) 
[Fe(OH)2+][H3Q+] 

“  [Fe3+  ] 

=*  6.5  xlO"3  x[H30+] 

0.80 

=>  [H30+]  =  2.6  x  1CT2; .  pH  =  1.59 

12.  (c)  Due  to  larger  difference  between  and 

K ^  and  common  ion  effect  we  can  assume 
thaty  is  negligible  w.r.t.  x 

Fe2+  +  H20  ^  Fe(OH)+  +  H+ 

at  equilibrium  C-x  x  -  y  x  +  y 

Fe(OH)+  +  H20  ^  Fe(OH)2  +  H* 

at  equilibrium  x  -  y  y  X  +  * 


^  "IT 


10 


-14 


10 

y(*  +  y). 


=  10-10 


(x-y) 

.-.  X^=y  =>  Fe(OH)2  =  lO'10 

13.  (a)  Let  x  milli-moles  of  NaOH  is  added 


6  =  5  +  log 


s  +  x 
a- x 


s  +  x 
a-  x 


=  10 


10+x  irk  01Q 

or  - =  10  =>  x  =  8.18 

10  -x 

wt  =  8.18  x  10"3  x  56  =  0.458  gm 
[C6H5COQ-] 


14.  (b)  pH  =  pJCa  +  log 
.  [C6H5CQO~] 


[C6H5COOH] 


"  [C6H5COOH] 

Let  volume  of  acid  is  V  mL 
0.2  X  (300  -V)  _2  y  _  150  mL 
0.1  XV 

15.  (c)  When  half  acid  is  neutralized  pH  =  pKa 

&  At  the  equivalent  point 

PH  =  i[pK„  +  pKa  +  logC] 
z 

=  9  =  -  [14  +  5  +  log  C]  =  C  =  0.1 
2 

Let  V  mL  of  NaOH  is  used  in  titration 
milli  eq.  of  NaOH  =  0.25  x  V  -  milli  eq.  of 
salt  formed 

•  0,25  x  ^  -  0.1  =  y  =  40  mL 

V  +  60 

milli  equivalent  or  milli-moles  of  acid  =  10 
wt.  of  acid  =  10  x  10“3  x  82  =  0.82 gm 
o  ftp 

wt.  %  of  acid  =  — : —  x  100  =  80% 

1.025 

16.  (c)  BOH(aq.)  ^  B+(aq. )  +  OH~(aq.  ) 


At  equilibrium  :  c(l  -  a) 

[B+][OH‘]  ca 


ca  ca 

2 


b  [BOH]  W(l-a)' 
neglect  a  w.r.t.  1  as  concentration  is 
appreciable,  %  a  =  100  x 

Total  dissolved  base  present  in  solution  as 
BOH  and  B+ 


So 


a  = 


[B+] 


[B+]  +  [BOH] 


1  +  [bo«-  [oin 

K„ 


K, 


Kb[H+] 


Kb  +  [OH~]  Kb  [H+]  +  Kw 
also  pOH  =  -  log  [OH'];  [OH-]  =  l<rp0H; 


=  5.4  +  log 


f—1  =  5.4+  0.48 
U.4j 


20.  (b) 


co^- 


pOH  =  5.88 

+  H+  - >  HCO3  acidic  buffer  is  formed. 

Initial  milli-moles  25  x  0.04  50  x  0.25  1 

Final  milli-moles  —  0.025 


HCO3  +  H+ 


Initial  milli-moles  1  0.25 

Final  milli-moles  0.75  — 


H2C03 


0.25 


pH  =  pir“.  * 108  "  64  +  log  (S0) =  6  88 


21.  (b)  Let  a  is  initial  milli-moles  of  H A  and  molarity  of  NaOH  solution  is  x 

HA  +  NaOH  - >  NaA  +  H20 

In  both  case  solution  is  acidic,  so  acidic  buffer  solution  is  formed. 

lOx 


5  =  p Ka  +  log 
5.60  =  p Ka  +  log 
0.60  =  log 
4  = 


a-10x 
20x 
a  -  20x 
20x  (l-10x) 


(a  -  20x) 
2  (a  -  lOx) 


(a  -  20x) 


lOx 
a  =  30x 


5  =  pK0  +  log 


lOx 


22.  (d) 


CO 


2- 


pKa=5.3 
H+  - > 


20x 

HCO3 

2.5 


Initial  milli-moles  50  x  0.05  40  x  01 

Final  milli-moles  —  1.5 

HCO3  +  H+ 

Initial  milli-moles  2.5  1.5 

Final  milli-moles  1  — 

■’H=»K-.+i<>g.fS=6173 

23.  (c)  At  second  equivalence  point  the  only  species  present  at  appreciable  concentration  is  HA. 
So, 


H2C03 


1.5 


PEalga.iiia.  I0 

y  2  2 


and 

24.  (c)  Solubility 


[H+]  =  10"10 

[H+]3 


[H3A] 

A  3— 


[A3-]  KaiKa2Ka3 


=  10 


t-7 


s  -  — 

M 


A3B2(s)  ^  3A2  (aq.  )  +  2B3  (aq. ) 
3S  2 S 


Ksp  =  (3S)3  (2S)2  =  108S5 
[B3‘]  2S  1  M4 


Ksp  108 S5  54  x4 


25.  (d)  Ksp (Sr€r04)  =  [Sr2+][ CrO2-] 


[Cr02"]  = 

Ksp  (BaCr04)  =  [Ba2]  [CrO  2") 
[Cr04"]t()tal  -  [CrO2"]  from  SrCrO, 


3.5  x  10 


•  =  3.5  xlO-4 


fBa-]  =  l^!  =  3.4xlO-7 
3.5x10^ 


27.  (a)  [Ag+]  required  for  precipitation  of  AgCl 


[Ag+]  = 


Ksp  (AgCl)  _9 


[Ag+]  required  for  precipitation  of  Ag2Cr04  , 

=  |^7(Ag2CrQ4) 
i  ICrO2']  V  10~4  " 

At  this  point,  the  concentration  of  Cl"  ion  in  the  solution  can  be  calculated  from  K  (AgCl) 

[Ag  ]  10"4 

28.  (b)  After  mixing  [Ag+]  =0.2  M;[NH3]  =  1M 

Due  to  very  high  value  of  Kf;  Ag+  mainly  converted  into  complex 

Ag+(aq. )  +  2NH3(aq. )  ^  Ag(NH3£(aq.) 

Initial  concentration  0.2  1 

At  equilibrium  jc  0.6  =  0.2 

Ag(NH3£(aq.  )  ^  Ag(NH3  )+(aq. )  +  NH3(aq.  }  :  ' 

At  equilibrium  0.2  -  y  y  o.6  +  y 

~  0.2  —  0.6 
1  yx0.6  0.1  '  .  ' 

F~  =  ~~i^T  =*  77a  ;  y  =  [Ag(NH3)+]  =>  3.33  x  10"SM 


29.  (a) 


q  2  jq4  y  J  j  j-^  ivi 

AgCl(s)+  2NH3 (aq. )  ^  Ag(NH3 )J(aq. )  +  Cl"(aq. ) 
fCj  =  1.6  x  10"10  x  107  =  1.6  x  10"3 
_  [Ag(NH3)2]  (Cl"] 


AgCN(s)+.2NH3(aq.)  ^  Ag(NH3 )2 (aq  )  +  CN" (aq. ) 
K2  =  2.5  x  10"16  x  107  =  2.5  x  10“9 
_  [Ag(NH3)2]  [CN~] 


[NH3]2 


[Cl~]  1.6  xlQ- 

[CN"]  2.5x10" 


=  6.4  x10s 


— —  =  0.04 
l-2x 


32.  (c) 


1  (1-2 xf 

x  =  0.037 

,  0.037 

[CN“]  = - -z 

6.4  x10s 


=  5.78  x  10" 


AgBr(s)  ^  Ag+ (aq. )  +  Br"(aq. );  Ks p 
Ag+ (aq. )  +  2S20|~(aq. )  ^  Ag(S2Q3)^(aq. );  Kf 

AgBr(s)  +  2S20|_(aq.)^=  Ag(S203)l‘  (aq.)+  Br"(aq.); Ksp  Kf  =  25 
0.1  -2x  x  x 

Value  Kf  is  very  higher  so  we  can  assume  almost  Ag+  converts  into  complex 


33.  (d) 

Ag2Cr04(s)  ^  2Ag+(aq. )+ CrO  4"  (aq. )  ’ 

2x  +  2y  x 

Ag2C204(s)  ^  2Ag+(aq.  )  +  C 204"(aq. ) 

2y+2x  y 


— =0.1 


x  2  x  1Q~12 
Kspi  y  2x10-“ 

2  x  10"n  =  (2x  +  2y)2  y 
2x10"”  =4.84y3 

y  =  1.6  xlO"4; 

x  =  0.16  x  IO-4 


Total  [Ag+]  =  2x  +  2y 

=  (2x0.16+ 2xl.6)xl0‘ 
=  3.52  xlO-4 

34.  (b)  JCsp=[Zn2+][S2-] 

i  rr21  \ 

[S2~]  =  — —  =  IO"19 
0.01 

,  „  „  [H+]2[S2-] 

to*Kai-Ka2=  — 

ro+i2  ^  i  n-19 


iH+r  x io 


[H+]  =  0.1 


or  pH  =  1 

35.  (d)  Dissolved  Al(OH)3  present  in  solution  as 
Al3+  (aq. )  as  well  as  Al(OH)4  (aq. ) 

S  =  [Al3+  (aq. )]  +  [Al(OH)4(aq. )] 

S=  Ksp  ,  +  Xc-[OH"] 

[OH"]3 

for  minimum  solubility 


d  (OH") 
K,  nx3 


+  K,  =  0 


T-n4  c 


[OH-]  = 


Passage-1 

2.  (b)  [HCl]  =  =  0.1  M 


pOH  =  4.74  +  log 


0.3+  0.1 
0.2 -0.1 


=  5.34 


/.  pH  =  14  -  5.34  =  8.66 

Passage-3 

3.  (c)  When  acid  is  half  neutralized  pH  =  pKa 
•••  pKa=  5 

4  (al  *  _JCa(HB)  =  igl  =  io 
4<  (  J  «q  Ka  (HA)  IO'6 

5.  (b)  When  VNa0H  =  0  mL;  pH  =  3 
or  [H*]  =  0.001 

„  Ca2  (0.001)  a 

^'(T^j"  1  —  a 

a  =  0.01 

C»™°1  =  0.1 
0.01 


0,1  =  — ;  V  =  50  mL 
V 


[Mog]  -  niilli- moles  of  add  5  _  Q  Q5 

total  volume  50+50 

pH  =  i  [pKw  +  pKa  +  log  C] 

=  |[14  +  5+log(0.05)] 

=  8.85 

6.  (a)  For  best  indicator,  pH  -  pKIn  of  an  indicator  as  well  as  pH  transition  range  of  the  indicator  must 
coincide  with  the  steep  portion  of  the  titration  curve. 


One  or  More  Answers  is/are  Correct 


21.  Cb,c,d) 

(a) 

S  =  tJk^p  =  10~5  mol  lit- 

Cb) 

s  =  10“5  mol  lit-1 

(c) 

AgCl(s)^Ag++Cr 

S+2  S 

10-10  =  (S  +  2)S  =>  s’=i^  =  5x10-i1 
2 

(d)  AgCKs)  ^  [Ag(NH3)2]+  +  Cl- 

Ag+  +  2NH3  ^[Ag(NH3)2]2  +  Cr 
AgCl(s)+  2NH3  ^[Ag(NH3)2]+  +C1" 
_[AgCNH3)2]+[Cl-] 

[NH3]2 


-~~2  =  10*8  xio-10  =  l<r’ 

(2-S)2 


(a,c) 

S2  1 

- - 5-  =  10-1 

(2-S)2 

10S  =  2-S 

S  =  ~  =  0.182  M 

11 

H2A  ^  H+ 

+  HA"; 

y  is  very  less  so  x  +  y  «  x 

At  equation 

C-X  x  +  y 

x-y 

x-y*x 

Ka2=y  =  1(T12;  =12 

At  equation 

HA-  ^  H+ 

+  A2" 

x 2 

x-y  x  +  y 

y 

.  c—x 

PKa2~PKai 

=  12-5  =  7 

PH  =  i[pKai  -logc] 

3  =  i[p^  +l]  pKaj  -  5 


25.  (a,b,c) 


pHj  =81og||  =  8+logi 
pH2  =  8  +  log  =  8  +  log  3 
Change  in  pH  =  log  3-  log  i  =  2  log  3 

Subjective  Problems 

13*  Let’s  assume  simultaneous  solubility  of  SrC03  as  x  M  while  SrF2  as  y  M 


SrCO  3(s)  ^  Sr2+  (aq)  +  CO|‘(aq) 

At  eq. 

(x  +  y)M  xM 

■,Kspi  =  (x  +  y)x 

SrF2(s)  ^  Sr2+  (aq)  +  2F~(aq) 

;  25xl0_1°  =  (x  +  y)x 

...(1) 

At  eq. 

(y  +  x)M  2 y  M 

>KSP2  =  (x  +  y)(2y)2 

10-10  =  4y2(x  +  y) 

...(2) 

10y2  -  x  - 10  3 
10y2  =  x  =  10'3  ; 

y2  =10-4 

y  =  1  <r2M  ,  [F“]  =  2 y  =  2xl0-2 M 

14.  H2CO  3  +  NaOH - »  NaHCO 3  +  H20 

pH,  =  i(p^  +  pKa2)  =  ^(4.6+  8)  =  6.3 

Nvx  10  =  0,1x20 
=  0.2 

NaHCO 3  +  NaOH - >  Na2C03  +  H20 

2m  mole  1  __ 

c  = - = —  M 

50  mL  25 

pH2  -pHx  =10.3-6.3=4 

15.  NaCN;  Na3P04;  Na2C03;  NaHC03;  Na2C204;  Na2HP04 


Rate  of  Appearance  or  Disappearance  of  Substance  C 


(i)  Average 


'±A[cT 
<  At  ) 


Expressions  of  the  rate: 

For  a  general  reaction:  aA  +  bB- 


(ii)  Instantaneous  ± 


cC  +  dD, 


m 

dt 


Rate  of  disappearance  of  A  =  •  Rate  of  disappearance  of  B  = 


dt 

Rate  of  appearance  of  C  =  &  Rate  of  appearance  of  D  - 


dt 


dt  “  '  dt 

The  positive  sign  shows  that  concentrations  of  C  and  D  increases  with  time  and  the  negative  sign 
is  indicating  that  concentrations  of  A  and  B  decrease  with  time. 

1  d[A]  _  1  d[B]  _  1  d[C]  _  1  d[D] 
a  dt  b  dt  c  dt  d  dt 
1  A  [A]  1  A[B]  1  A  [C]  1  A  [D] 


Instantaneous  rate  of  reaction  : - 


Average  rate  of  reaction:  — 

'  a  At  b  At  c  At  d  At 

n  .  c  ■  Rate  of  disappearance  of  reactant 

Rate  of  reaction  (ROR)  =  — ; - — - 

Stoichiometry  coefficient  of  reactant 
Rate  of  appearance  of  product 
Stoichiometry  coefficient  of  product 

❖  Units  of  Rate  of  Reaction:  =mo!  L-1s-1  or  mol  L"1  min-1  (concentration  time-1). 
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Rate  Law  and  Rate  Constant 

Rate  °c[A]a.[B]b  or  Rate  =  k[A]a[B]b 

The  constant  of  proportionality,  k  is  known  as  the  rate  constant  (specific  reaction  rate)  and  may 
be  defined  as  the  rate  at  unit  concentrations  of  the  reactants. 

❖  k  depends  on  the  temperature  and  is  independent  of  the  concentration  of  the  reactants. 

❖  At  a  fixed  temperature,  k  is  a  constant  and  is  a  characteristic  of  the  reaction.  Larger  value  of  k 
indicates  fast  reaction  and  small  k  indicates  slow  reactions. 

Molecularity 

It  is  always  a  whole  number  (not  zero)  and  never  a  fraction.  Its  value  does  not  exceed  3  &  it  has 
no  meaning  for  a  complex  reaction. 

Order  of  Reaction 

aA  +  bB - >cC 

Rate  of  reaction  =  fc[A]m[B]n 

Order  of  reaction  =  m  +  n  &  the  order  w.r.t.  A,  B  are  m,  n  respectively. 

The  order  of  reaction  is  obtained  from  the  experimentally  determined  rate  and  may  be  zero, 
integral  or  a  fraction.  In  a  multi-step  complex  reaction,  the  order  of  the  reaction  can  be 
determined  with  the  help  of  slowest  step,  which  is  called  rate  determining  step. 

❖  In  elementry  reaction  stoichiometric  coefficient  of  reactants  is  equal  to  order  of  reaction  : 
m  +  n  =  a  +  b  . 


Order 

Differential  rate 
law 

Integrated  rate 
law  ' 

Straight 
line  plot 

Half  life 

Units 

of  k 

Example 

0 

-d[R)/dt  =fc 

<*“•*"* 

kt=[R]0-[R] 

|R]0  vs  r 

[Rio /» 

cone 

time"1 

or  mole 
L_1s-1 

H2(?)+Cl2(g) — — — ►  2HCl(g) 
2HI(g) — *  H2(g)+  Ij(g) 

surface 

1 

-d[R]/dt  =k[R] 

[R]=[R]0e-b 
kt  =ln{[R]0/[R]) 

In  [R]  vsr 

(In  2)/k 

or 

0.693 

k 

time”1 
or  s"1 

Decomposition  of  H202  in 
aqueous  solution 

Radioactive  disintegration 

2 

-d[R)/dt=k[R]2 

,  1  1 
*  [R]  [Rio 

—  vst 

[R] 

1 

k[Rlo 

mol'*L 

s’1 

CH3COOC2H5+ NaOH 

1 

CH3COONa+C2HsOH 

c2h4+h2  1(W1<;-»c2h6 

where  a0  =  Initial  Concentration  of  reactant,  r  =  rate  of  reaction 

*  Some  useful  relationships  between  times  for  different  fractions  of  reaction  of  first  order  to 
complete 


or  f75%  -  2t1/2 
f87.5%  =  3^1/2 


L  99.9% 


=  lOf 


1/2 


•>  Amount  of  the  substance  left  after  n  half-lives  =  — — 

2" 

n th  Order  Reaction 

A  — »  Product 

kt  =■ 


fl/2  - 


n-l  [(a-x)n_1  a""1 

2n_1- 1 


fc(n-l) 


,n-l 


*  Reversible  reaction  a  ■■ 


Kf 


B 


[n?sl,n=  order] 


(kf  +  kb )  =  -  Inf  .  — — 1  ;  At  equilibrium  k  =  —  =  — 

f  \xeq  -x)  eq  kb  [A]  a-xeq 


Parallel/Side  Reaction 


.m  =  kL 
’  CC]  k2 


%  Yield  of  B  =  ^ —  x  100  and  %  Yield  of  C  =  ^  x  100 

ki  +k2  +  ^2 

Series/Consecutive  Reaction 

A - >B - >C 


Temperature  coefficient  (p)  =  T+1° 

kT 

❖  For  general  chemical  reactions  with  rise  in  temperature  by  10°C,  the  rate  constant  is  nearly 
doubled. 

Arrhenius  Equation 

k  =  Ae~Ea/RT 

where  k  =  Rate  constant,  A  =  Pre-exponential  factor,  T  =  Temperature  in  kelvin, 

Ea  =  Activation  Energy 

❖  The  factor  e~Ea/RT  represents  fraction  of  molecules  that  have  kinetic  energy  greater  than  Ea 

❖  Logarithmic  expression 

f  k2)  Ea  (  1  l'] 

log10  —  = - - — - 

\ ,/cJ  2303 T2) 

❖  Energy  profile  for  exothermic  process  &  endothermic  process: 


❖  Threshold  Energy  =  Activation  Energy  +  Energy  possessed  by  reactant  molecules. 
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Activation  energy  diagram  for  two  step  endothermic  reaction: 

(A)  (i)  Ist  step-Slow  (ii)  IInd  step-Fast 


Factors  affecting  reaction  rates  :  Concentration  of  reactants  and  Reaction  temperature. 
Besides  these,  presence  of  catalyst  and  surface  area  (if  a  reactant  or  a  catalyst  is  a  solid)  exposure  to 
radiation  also  affect  the  reaction  rates. 

Nuclear  Chemistry 

Nuclear  chemistry  is  the  study  of  the  properties  and  reactions  of  atomic  nuclei.  In  nuclear 
reaction  only  the  nuclides  (nuclide  :  the  nucleus  of  a  specific  isotope)  participates  and  overall 
(mass  +  energy)  remains  conserved. 

Radioactivity 

The  property  of  a  nucleus  emitting  radiations 'like  a,p  and  y  is  known  as  radioactivity  and  the 
substance  possessing  the  property  is  called  a  radioactive  substance.  The  emission  of  these  particles 
takes  place  because  of  the  instability  of  the  nucleus.  Radioactivity  is  a  property  of  nucleus. 
Properties  of  a,  P-particles  and  y-rays. 


Properties 

Alpha 

Beta 

Gamma 

Nature 

Fast  moving  He 
nuclei  (He2+) 

Fast  moving 
electrons 

High  energy 
electromagnetic 

Representation 

2  He  or  a 

-ic  or  -iP 

yor  Sr 

Charge 

2  unit  (+ve) 

1  unit  (-ve) 

No  charge 

Mass 

6.65  x  1(T24  g/particle 

9.11xl0"28  g/particle 

0 

Velocity 

1/10  of  light  (min.) 

nearly  velocity 
of  light 

Same  as  light  waves 
(max.) 

Relative  penetrating 
power 

1 

a  100 

a  10000 

Relative  ionising 

a  10000 

a  100 

1 

power 

Effect  of 

Deflected  toward 

Deflected  toward 

No  effect 

electromagnetic  field 

-ve  electrode 

+ve  electrode 

Kinetic  energy 

High 

Low 

- 

Effect  on  ZnS  Screen 

Maximum  effect 

Little  effect 

— 

Types  of  Radioactive  Decay 

1.  a-decay  causes  decrease  of  atomic  number  of  2  units  and  mass  number  by  4  units,  e.g., 
II5 Po - >  g1  Pb+  2 He  ;  886Ra - »  If  Rn - >  |f  Rn  +  ^He 

All  nucleides  with  atomic  number  greater  than  83  are  beyond  the  band  of  stability  are 
radioactive. 


(3-decay  causes  increase  of  atomic  number  by  1  unit  and  no  change  in  mass  number,  e,  g. , 


228R  _  228  a  0  .  14r 

A  neutron  is  converted  to  proton  in  this  process. 


Such  emission  occurs  for  the  nuclei  lying  above  the  stability  belt. 

y-ray  emission  (qy)  causes  no  change  in  atomic  number  and  mass  number,  since  it 
represents  the  energy  lost,  e.  g. , 

60m -\t-:  v  60  xt-:  . 

28  Nl - >28Nl+oV 

Positron  Emission  :  Causes  decrease  the  atomic  number  by  1  unit,  e.  g. , 


■  75N  +  °ae 


0  <»  +  118i 
+le  +  53  1 


A  proton  is  converted  to  neutron  and  positron  in  this  process. 


on  +  ie 


Such  emission  occurs  for  the  nuclei  lying  below  the  stability  belt: 

❖  Position  (^e)  is  a  particle  having  the  same  mass  as  an  electron,  but  positively  charged. 

5.  Electron-capture  : 

Causes  decrease  the  atomic  number  by  1  unit,  e.g., 


8$4P  0+ V 


204Ri  -  *°V  +  0  „ 
83  141  i  19  K+  -le' 


A  proton  is  converted  to  neutron  in  this  process. 


iP  +  -ie' 


Electron  capture  occurs  with  the  nuclei  lying  below  the  stability  belt,  in  which  an  electron 
from  the  K-shell  is  captured  by  the  nucleus. 


Group  Displacement  Law  (Soddy-Fajans) 

In  an  a-particle  emission,  the  resulting  element  has  a  mass  number  less  by  four  units  and  atomic 
number  less  by  two  units  and  so  lies  two  places  to  the  left  in  the  periodic  table. 

In  a  [3-particle  emission  the  resulting  element  has  the  same  mass  number  but  has  an  atomic 
number  greater  by  one  unit  and  so  lies  one  place  to  the  right  in  the  periodic  table. 


crj. 
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Neutron/proton  ratio  and  stability  zone 

❖  For  atomic  number  <  20,  most  stable  nuclei 
have  n:  p  ratio  nearly  1  : 1  (except  H  &  Ar) 

❖  For  n/p  ratio  >  1.5,  nucleus  is  unstable.  Largest 
stable  nucleus  is  g39Bi  for  which  n/p  ratio  is 
1.52. 

❖  For  atomic  number  >  83,  there  are  no  stable 
nuclei. 


10  20  30.  40  50  60  70  80  90 
Number  of  protons - ► 


i 

1 


Magic  numbers  and  nuclear  stability 

Nuclei  with  2,  8,  20,  28,  50,  82  or  126  protons  or  neutrons  are  unusually  stable  and  have  a 
larger  number  of  stable  isotopes  than  neighboring  nuclei  in  the  periodic  table.  These  numbers  are 
called  magic  numbers.  They  are  supposed  to  represent  completely  filled  nuclear  shells  of  energy 
levels. 

*:•  Nuclei  with  magic  number  of  protons  as  well  as  neutrons  have  notably  high  stabilities. 

[e.g.,  2  He,  a60,  2oCa  and  I^Pb]. 

Even  Odd  Theory 

Most  naturally  occurring  nuclides  have  even  numbers  of  neutrons  and  even  numbers  of  protons. 
165  such  stable  nuclei  are  known.  There  exist  55  known  nuclei  with  even  number  of  protons  and 
odd  number  of  neutrons,  and  50  known  stable  nuclei  with  odd  number  of  protons  and  even  number 
of  neutrons.  On  the  other  hand,  the  number  of  known  stable  nuclei  having  odd  numbers  of  both 
neutrons  and  protons  is  only  5. 

Artificial  nuclear  reactions 

The  first  artificial  transmutation  was  carried  out  by  Rutherford  in  1919  who  bombarded 
nitrogen  gas  with  alpha  particles  and  obtained  hydrogen  and  oxygen. 

74N  +  jHe - >^70  +  {H 

1.  Alpha  particle  induced  or  (a,  n)  type  reactions  : 

9  Be+  jHe - ^C  +  ^n 

Since  a-particle  is  used  and  a  neutron  is  produced,  the  reaction  may  be  termed  as  (a,  n) 
reaction.  In  another  a-bombardment  nuclear  reaction,  the  isotope  (15  P)  produced  is  itself 
radioactive. 

.  n  Al  +  2  He - ►  15  ?  +  on 

2.  Deuteron- induced  or  (D,  a)  type  reaction  : 

J60  +  ?H - ^N  +  ^He 


1 


3.  Proton-induced  or  (p,y)  reaction  : 

)4N  +  jH - >  g5°  +  y 

4.  Neutron-induced  or  (n,  y)  reaction  : 

gP  +  Jn - *gP  +  r 

Radioactive  decay 

❖  Radioactive  decay  is  a  first  order  process.  The  rate  of  nuclear  decay  is  determined  from 
measurements  of  the  activity  (A)  of  a  sample. 


Hence 


=  AN  or  N  =N0e-u 
dt 


where  N  =  number  of  radioactive  nuclei  at  any  time  t ;  N  0  =number  of  radioactive  nuclei  at 
t  =  0;  A  =  decay  constant. 

S.I.  units  :  The  SI  unit  is  becquerel  (Bq). 

1  disintegration  per  second  (dps)  =  1  Bq. 

Other  units  :  1  curie  (Ci)  =  3.7  x  1010  dps,  1  Rutherford  (Rd)  =  10 6  dps. 

*  specific  activity  :  Activity  per  unit  mass  of  radioactive  sample  (dpsjg) 

*  Half  life  (tV2)  :  The  time  taken  by  half  the  nuclei  (originally  present)  to  decay. 
ty2  =  0.693/A, 

Note  :  After  n  half-lives  have  passed,  activity  is  reduced  to  —  of  its  initial  value. 

*  Average  life  (tav ):  tav  =  1/A.  =  1.44t]/2 

Radioactive  equilibrium 

Among  the  members  of  a  decay  chain,  the  state  which  prevails  when  the  ratios  between  the 
activities  of  successive  members  remain  constant.  (This  is  not  an  equilibrium  in  the  strict  sense  since 
radioactive  decay  is  an  irreversible  process). 

Secular  equilibrium 

Radioactive  equilibrium  where  the  half  life  of  the  intermediate  isotope  is  so  long  that  the  change 
of  its  activity  can  be  ignored  during  the  period  of  interest  and  all  activities  remain  constant. 


Xg 


->c 


Number  of  nuclei  of  B  is  max.  at  tr 


max  (Aj  -  A2) 
dN 


In 


V^-2 


Secular  equilibrium  occurs  when 


dNg 

dt 


dt 


—  -  A aN  a  -  A bNb  . 


~  Nb  A  A 
=  0  or  — 5-  =  — 

N  A  ^-B 


❖  Parallel  decay  A: 


>B 


%  of  B  = 


%  of  C  = 


Aj  +  A2 


A:  +  A2 


x  100 


x  100 


Applications  of  Radioactivity  :  * 

Age  of  Minerals  and  Rocks  :  We  can  determine  the  age  of  the  rock  by  measuring  the  ratio 
of  If  U  and  ^6Pb. 


826Pb  +  8  2He+  6 


At  time  t 


Age  of  Rock, 


w  gram  y  gram 


t  =iln 

X 


■  Initial  wt.  of  2|®  U  ; 


where  w0  =  w  +  x, 


x  =  wt.  of  ff  U  disintegrated,  x  =  x  y 


*  Radiocarbon  Dating  :  J,4C  is  used  to  date  historical  artifacts. 


1  ( A 

Age  of  wood  artifacts  ,  t  =  -  In  — 

X  l  A 


(where  ty2  of  §4C  =  5770  years) 


56  ^  36m  -r  J  o'* 

U*Xe+SSr  +  210n 
544Cs+  3°Rb  +  2  20n  ) 


A0  =  Activity  of  fresh  wood  of  plant/tree.  ;  A  =  Activity  of  old  wood. 

❖  Uses  in  Medicines  and  other  Areas 

Nuclear  Fission 

In  a  nuclear  fission  reaction,  a  heavy  nucleus  splits  up  into  two  main  fragments  of  lighter  nuclei 
and  several  neutrons. 

Of  the  three  natural  isotopes  of  uranium  (|!8U,  ^5U  and  If  U,  the  If  U)  nucleus  undergoes 
nuclear  fission  when  bombarded  with  slow  neutrons.  The  lf\J  formed  breaks  up  in  several  different 
,  ways,  for  example  : 

235n,ln _ .  236,t _ .  140r„  ,  93Vr  ,  Q  1 

92  u  +  0n  *  92  U - ^  56  aa  +  36^  +  J  0n 

925  U  +  J,n - >  ifu  IfXe  +  f8Sr  +  2  Jn 

925  U  +  on  — ->  926U - >  ^Cs  +  ™  Rb  +  2  In  I 

*  The  key  to  the  liberation  of  energy  in  the  nuclear  fission  reaction  is  the  production  of  two  or 
more  neutrons  per  reaction  initiated  by  one  neutron. 

♦  Atom  bomb  is  based  on  Nuclear  fission. 

A  nuclear  fission  chain  reaction  has  three  general  steps  : 

1.  Initiation  :  The  reaction  of  a  single  atom  is  needed  to  start  the  chain.  Fission  of  ^5U  is 
initiated  by  the  absorption  of  a  neutron. 

2.  Propagation  :  This  part  of  the  process  repeats  itself  over  and  over,  with  each  step  yielding 
more  product.  The  fission  of  If  U  releases  neutrons  that  initiate  the  fission  of  other  uranium  atoms. 

3.  Termination  :  Eventually,  the  chain  will  end.  Termination  could  occur  if  the  reactant  (lf\J) 
is  used  up,  or  if  the  neutrons  that  continue  the  chain  escape  from  the  sample  without  being  captured 

by  If  u. 

Nuclear  Fusion 

Just  as  the  fission  of  heavy  nuclei  is  accompanied  by  mass  losses  resulting  into  the  liberation  of 
large  amounts  of  energy,  the  hision  of  light  nuclei  is  accompanied  by  mass  losses  and  the  evolution 
of  large  quantities  of  energy.  Some  such  reactions  and  energy  release  in  each  process  are  shown 
below, 


J. 


Fusion  reaction  Mass  loss  .Energy  released  (kJ  mol"1 ) 

j  H  +  jH - >2He  0026  2.3  xlO9 

i H+  jH - >^He+^n  0.018  1.79xl09 

Compared  with  fission  reactions,  fusion  reactions  have  the  advantage  that  large  amounts  of 
highly  radioactive  nuclides  are  not  obtained  as  by-products  which  may  pose  problem  of  safe  storage. 

❖  At  the  very  high  temperatures  needed  for  a  fusion  reaction. 

❖  Hydrogen  bomb  is  based  on  nuclear  fusion. 

❖  Einstein’s  mass-energy  equation  :  Energy  changes  in  nuclear  reactions  can  determined 
by  using  Einstein’s  mass-energy  equation  E  =  me2 

Where  E  is  the  energy  equivalent  of  mass  m  and  c  is  the  velocity  of  light. 

For  a  change  of  1  amu  (atomic  mass  unit),  the  corresponding  energy  change, 
E  »  931  x  106  eV  a  931MeV,  i.  e. ,  a  mass  of  1  amu  is  equivalent  to  931  AfeV  of  energy. 

Mass  Defect 

It  has  invariably  been  found  that  the  actual  mass  of  an  isotope  of  an  element  is  less  than  the  sum 
of  masses  of  the  protons,  neutrons  and  electrons  present  in  it.  This  difference,  is  called  mass  defect. 
The  mass  defect  is  nothing,  but  the  loss  of  mass  during  the  formation  of  the  nucleus  of  the  isotope. 

❖  Mass  defect  in  nuclear  reaction  : 

Am  =  mass  of  nuclei  of  reactants  -  mass  of  nuclei  of  products. 

Energy  liberated  in  nuclear  reaction  :  AE  =  Am.  c2. 

❖  Mass  defect  in  an  isotope  formation  : 

Let  mp,mn  and  me  are  the  respective  masses  of  proton,  neutron  and  electron.  Then,  the 
calculated  mass  of  this  isotope, 

M'  ^Zmp+Zme+(A-Z)mn  =Zm„  +(A-Z)mn 
(v  mp  +  me  =  Mass  of  hydrogen  atom  =  m„) 

Let  M  =  Actual  atomic  mass  as  determined  experimentally, 
then.  Am  =  Mass  defect  =  M '  -  M 

Binding  Energy 

Loss  of  mass  during  the  formation  of  the  nucleus  from  nucleons  is  converted  into  energy.  The 
release  of  energy  imparts  stability  to  the  nucleus.  The  energy  released  when  constituent  nucleons 
combine  to  form  a  nucleus,  is  called  binding  energy  of  the  nucleus.  In  other  words,  energy  equal  to 
binding  energy  will  be  needed  to  break  up  the  nucleus  into  its  constituent  nucleons.  Consequently 
the  greater  the  binding  energy,  the  more  stable  is  the  nucleus. 

Binding  Energy  and  Nuclear  Stability 

B  E 

B.E.  per  nucleon  = -  ’  '  ■ - 

No.  of  nucleons 

Binding  energy  per  nucleon  is  a  direct  indicator  of  its  nuclear  stability.  Higher  the  binding 
energy  per  nucleon  of  an  isotope,  greater  is  its  nuclear  stability. 


3#  _ 

siftml 


[PROBLEMS  IN  CHEMISTRY 


1.  The  differential  rate  law  equation  for  the  elementary  reaction  A  +  2B  — 3 C,  is  : 


d[B]  d[C] 


dt 

.  dt 

dt 

L 

d[A]_ 

1  d[B] 

_  1 

d[C ] 

dt 

2  dt 

~  3 

dt 

d[A]  _ 

_  1  d[B] 

_  1 

d[C] 

dt 

2  dt 

3 

dt 

dt  2  dt  3  dt 
(d)  None  of  these 

2.  The  rate  of  reaction  is  expressed  in  different  ways  as  follows: 

,  1  d[C]  _  1  d[P]  _  |  1  d[A]  d[B] 

2  dt  3  dt  4  dt  dt  . 

The  reaction  is: 

(a)  4 A  +  B - >2C  +  3D  (b)B  +  3D - >4A  +  2C 

(c)  A+B - >C+D‘  (d)  B  +  D - *A+C 

3.  In  the  reaction,  A  +  2 B - ->6C  +  2D,  if  the  initial  rate  -^1^1  at  t  =  0  is  26  x  10"2M  sec'1 


what  will  be  the  value  of 

(a)  8.5 x  10'2Msec-1  (b)  2.5x  10'2M  sec'1 

(c)  5.2 x  10'2M  sec'1  (d)  7.5  x  10'2M  sec"1 

4.  For  the  reaction  2A  - ►  B  +  3C;  if  -  =  kiM]2;  ~-  =  k2[A]2;  ^ -  =  k3[A ]2 

the  correct  reaction  between  Jc,,  k2  and  fc3  is  : 

(a)  k,  =k2  - k3  (b)  2kj  =  k2  -  3k2  (c)  4kl  =  k2  =3 k2  (d )  =  =  ^2. 

2  3 

5.  The  rate  constant  of  n*  order  has  units  : 

(a)  litre1'"  mol1'"  sec-1  (b)  Mol1'"  litre1-"  sec 

(c)  Mol1""2  litre"2  sec"1  (d)  Mole1'"  litre"'1  sec"1 

6.  Which  of  the  following  statement  is  incorrect? 

(a)  Unit  of  rate  of  disappearance  is  Ms-1 

(b)  Unit  of  rate  of  reaction  is  Ms-1 

(c)  Unit  of  rate  constant  k  depends  upon  order 

(d)  Unit  of  k  for  first  order  reaction  is  Ms”1 

7.  Which  of  the  following  relation  is  correct  for  and  kb  in  an  equilibrium  process  that  contains 
equal  moles  of  reactants  and  products. 

(a)  fc/  =  kb  (b)  kf  >  kb  (c)  kj  <kh  (d)  we  cannot  predict 

8.  Listed  in  the  table  are  forward  and  reverse  rate  constants  for  the  reaction 

2NO (g)  ^  N2(g)  +  02(g) 


at  t  =  0  ? 


B  +  3  C;  if  • 


-k.lA)2;  ?M  =  k2[A]2; 
at 


=  k3  [A]: 


(d  )h.  =  k2=h 
2  3 


CHEMICAL  KINETICS  AND  NUCLEAR  CHEMISTRY 


|  • 

.Temperature  (K) 

I  r  >  •  '  •’ 

,v  V- 

A*  -V  •<  V'  v  .  i  •  .  ’! 

1400 

0.29 

1.1  X  lO^5 

1500 

1.3 

1.4  x  10“5 

Select  the  correct  statement :  • 

(a)  Reaction  is  exothermic  and  value  of  equilibrium  constant  (fCeq  )  at  1400  K  is  3.79  x  10-6 

(b)  Reaction  is  endothermic  and  value  of  iCeq  at  1400  K  is  2.63  x  io5 

(c)  Reaction  is  exothermic  and  value  of  Keq  at  1400  K  is  2.63  x  105 

(d)  Reaction  is  endothermic  and  value  of  Keq  at  1500  K  is  9.28  x  104 

9.  The  rate  constant  of  a  reaction  depends  on  ’ 

(a)  temperature 

(b)  pressure 

(c)  extent  of  reaction 

(d)  initial  concentration  of  the  reactant 

10.  In  the  following  reaction,  how  is  .the  rate  of  appearance  of  the  underlined  product  related  to 
the  rate  of  disappearance  of  the  underlined  reactant 

BrC>3(aq)  +  5Br "(aq)  +  6H+(aq)  - ►  3Br2(Q  +  3H20(aq) 

/%  dtBrOaJ  _  d[Br2]  ^  '  1  dtBiQg]  _  d[Br2] 

Ca)  dt  ~  dt  3  dt  dt 

-  d  [BrQ3]  _  ^  d[Br2]  (d)  None  of  these 

dt  3  dt 

11.  Consider  a  reaction  A(g)  — fe"aiMmin  ’  >  2B(g).  If  initial  concentration  of  A  is  0.5M  then  select 


correct  graph. 


12.  Which  of  the  following  statements  is  incorrect? 

(a)  A  second  order  reaction  must  be  a  bimolecular  elementary  reaction 

(b)  A  bimolecular  elementary  reaction  must  be  a  second  order  reaction 

(c)  Zero  order  reaction  must  be  a  complex  reaction 

(d)  First  order  reaction  may  be  complex  or  elementary  reaction 

13.  The  molecularity  of  a  complex  reaction  given  below  is  : 

2N2Os(g)  - ►  4N02(g)  +  02(g) 

(a)  1  (b)  2  (c)  3  (d)  has  no  meaning 

14.  Decomposition  of  NH4 N02  (aq)  into  N2  (g)  and  2H20  (1)  is  first  order  reaction. 

Which  of  the  following  graph  is  correct? 


time  time  time 


15.  Decomposition  of  HI  (g)  on  Gold  surface  is  zero  order  reaction.  Initially  few  moles  of  H2  are 
present  in  container  then  which  of  the  following  graph  is  correct? 


These  plots  respectively  correspond  to  the  reaction  orders  : 

(a)  0,  2,  1  (b)  0,  1,  2  (c)  1,1,2  (d)  1,0,  2 


17.  If  decomposition  reaction  A[g) - >B(g)  follows  first  order  kinetics  then  the  graph  of  rate  of 


formation  (R)  of  B  against  time  t  will  be: 


l 


CHEMICAL  KINETICS  AND  NUCLEAR  CHEMISTRY 


18*  Consider  the  plots,  given  below,  for  the  types  of  reaction 

nA  - >  B  +  C 


These  plots  respectively  correspond  to  the  reaction  orders  : 

(a)  0,  1,  2  (b)  1,  2,  0  (c)  1,  0,  2  (d)  None  of  these 

19.  For  a  zero  order  reaction,  the  plot  of  cone,  (a  -  x)  vs  time  is  linear  with 

(a)  +  ve  slope  and  zero  intercept  (b)  -  ve  slope  and  zero  intercept 

(c)  +  ve  slope  and  non-zero  intercept  (d)  —  ve  slope  and  non-zero  intercept 

20.  What  will  be  the  order  of  reaction  for  a  chemical  change  having  j  y 

log  t1/2  vs  log  a?  (where  a  =  initial  concentration  of  reactant;  j  / 

t1/2=  half-life)  ;iog  tm^-- - 

(a)  Zero  order  ; 

(b)  First  order  j 

(c)  Second  order  :  | _ 

(d)  None  of  these  1  _  _  l098 


23. 


For  the  ideal  gaseous  reaction,  the  rate  is  generally  expressed  in  terms  of  —  instead  of — 


dn  .  .  n  . 

^  (.where  C  =  —  is  concentration  and  n  the  no.  of  moles).  What  is  the  reaction  among  these 


dt 


dt 


or 


three  expressions  if  T  and  V  are  constant? 
(a)  —  -dn  _dP 
dt  dt  dt 

(c :)RT  — =  — =  — 
dt  dt  dt 


dt  V  dt  sr(,dt,l 
(d)  None  of  these 


24.  A2  +  B2  - >  2 AB;  R.O.R.  =fc[A]a  [B]b 


Order  of  reaction  with  respect  to  A2  and  B2  are  respectively  : 

(a)  a  =  1,  b  =  1  (b)  a  =  2,  b  =  0  ,  (c)  a  =  2,  b  =  1  (d)  None 

25.  For  a  reaction  the  initial  rate  is  given  as:  R0  =  fc[A]g[B]0  by  what  factor,  the  initial  rate  of 

reaction  will  increase  if  initial  concentration  of  A  is  taken  1.5  times  and  of  B  is  tripled? 
k)4-5  (b)  2.25  (c)  6.75  (d)  None  of  these 

26.  For  A(j)  +  B(s) - »C(i);  rate  =  fc[A]1/2[B]2,  if  initial  concentration  of  AandBare  increased  by 

factors  4  and  2  respectively,  then  the  initial  rate  is  changed  by  the  factor: 

^  4  Cb)  6  (c)  8  (d)  None  of  these 

27.  Reaction  A  B  follows  second  order  kinetics.  Doubling  the  concentration  of  A  will  increase 
the  rate  of  formation  of  B  by  a  factor  of  : 

(a)  I/4  Cb)  1/2  (c)  2  (d)  4 

28,29.  The  reaction  of  A2  and  B2  follows  the  equation 

Az(g)  +  B2(g)  - >  2AB(g) 

The  following  data  were  observed 


28.  The  value  of  rate  constant  for  the  written  reaction  is: 

(a)  2.5  x  10*4  (b)  2.5  x  1(T2  (c)  1.25  x  10"2  (d)  None  of  these 

29.  Above  given  question,  the  value  of  rate  constant  for  appearance  of  AB(g)  is  : 

(a)  2.5  x  1CT4  (b)  2.5  x  10"2  (c)  1.25  x  10-2  (d)  None  of  these 

30.  The  following  data  pertain  to  reaction  between  A  and  B 


S.  No 

[A] 

[B] 

Rate 

mol.  If1 

mol.  Lf1 

mol.IT1  sec 

I 

lxl(T2 

2xl0“2 

2xl0"4 

II 

2x  10-2 

2xlCT2 

4x  10-4 

III 

2  x  10-2 

4x  1(T2 

8x  10-4 

Which  of  the  following  inference(s)  can  be  drawn  from  the  above  data 

(a)  Rate  constant  of  the  reaction  10-4 

(b)  Rate  law  of  the  reaction  is  k  [A]  [B] 

(c)  Rate  of  reaction  increases  four  times  on  doubling  the  concentration  of  both  the  reactant. 
Select  the  correct  answer 

codes 

(a)  a,  b  and  c  (b)  a  and  b  (c)  b  and  c  (d)  c  alone 

31.  The  unit  of  rate  constant  of  elementary  reaction  depends  upon  the  : 

(a)  temperature  of  the  reaction  (b)  concentration  of  reactant 

(c)  activation  energy  of  the  reaction  (d)  molecularity  of  the  reaction 

32.  Select  the  rate  law  that  corresponds  to  the  data  shown  for  the  reaction  A  +B - >  C 


Exp. 

[A] 

[B] 

Rate 

1. 

0.012 

0.035 

0.10 

2. 

0.024 

0.070 

0.80 

3. 

0.024 

0.035 

0.10 

4. 

0.012 

0.070 

0.80 

(a)  Rate=fc[B]3  (b)  Rate=  k[B]4  (c)  Rate  k  =  [A] [B]3  (d)  Rate=  k[A]2[B)z 

33.  An  elementary  reaction  between  A  and  B  is  a  second  order  reaction.  Which  of  the  following 
rate  equations  must  be  correct? 

(a)  r  =  fc[A]2[B]°  (b)  r  =  fc[A]3/2[B]1/2  (c)  r  =  fc[A]°[B]2  (d)  r  =  k[A] [B] 

34.  If  ‘  a’  is  the  initial  concentration  of  the  reactant,  the  half-life  period  of  the  reaction  of  nth  order 
is  inversely  proportional  to  : 

(ala"-1  (b)  a"  (c)  a1""  (d)  an+1 


35.  Which  of  the  following  expressions  is  correct  for  zero  order  and  first  order  respectively  [where 
a  is  initial  concentration]? 

1 

(a)  t1/2  oc  a;  t1/2  oc  -  (b)  t1/2  *  a;  t1/2  cc  a0 


(c)  t1/2  oc  a°;t1/2  oc  a 


(d)  t-,,2  oc  a;  ti/2  oc 


36.  The  unit  of  rate  constant  of  zero  order  and  first  order  chemical  reactions  are  respectively 

(a)  mol  L-1  s~\  mol  L"1  s_1  (b)  s"1,  mol  L_1  s_1 

(c]  mol  IT1  s  s_1  (d)  None  of  these 

37.  The  units  of  rate  of  reaction  and  rate  constant  are  same  for  a  : 


(b)  first  order  reaction 
(d)  third  order  reaction 

CH3COOH(aq)f  C2H5OH(aq).  What  type  of  reaction 

(b)  Pseudo  first  order 
(d)  Second  order 


(a)  zero  order  reaction  (b)  first  order  reaction 

(c)  second  order  reaction  (d)  third  order  reaction 

38.  CH3COOC2H5  (aq)  +  H2O(0  -  ^  >  CH3COOH(aq>t-  C2H5OH(aq).  What  type  of  reaction 

is  this? 

(a)  Unimolecular  elementary  (b)  Pseudo  first  order 

(c)  Zero  order  (d)  Second  order 

39.  When  ethyl  acetate  was  hydrolysed  in  presence  of  0.1  M  HC1,  the  rate  constant  was  found  to 
be  5.4  x  10  5  s  *.  But  in  presence  of  0.1  M  H2S04  the  rate  constant  was  found  to  be 
6.25  x  10-5  s'1.  Thus  it  may  be  concluded  that : 

(a)  H2S04  furnishes  more  H+  than  HC1 

(b)  H2S04  furnishes  less  H+  than  HCI 

(c)  both  have  the  same  strength 

(d)  will  depend  on  concentration  of  ethyl  acetate 

40.  For  an  elementary  reaction  2 A  +  B  - >  A2B  if  the  volume  of  vessel  is  quickly  reduced  to 

half  of  it’s  original  volume  then  rate  or  reaction  will 

(a)  unchange 

(b)  increase  four  times 

(c)  increase  eight  times 

(d)  decrease  eight  times 

41.  In  the  following  reaction  A^B  +  C,  rate  constant  is  0.001  Ms-1.  If  we  start  with  1 M  of  A  then 
cone,  of  A  and  B  after  10  minutes  are  respectively  : 

(a)  0.5  M,  0.5  M  (b)  0.6  M,  0.4  M  (c)  0.4  M,  0.6  M  (d)  none  of  these 

42.  For  a  reaction  A  — *r=Q6Mmin - >  2 B 

starting  with  1  M  of  ‘A  only,  concentration  of  B  (in  M)  after  100  sec.  and  200  sec.  is 
respectively  ? 

(a)  2  and  4  (b)  1  and  2  (c)  2  and  3  (d)  None  of  these 

43.  Half-life  (t1/2)  and  completion  time  (T)  of  the  above  reaction  (A— — >  B  +  C)  are  : 

(a)  500  min,  750  min  (b)  500  sec,  750  sec  (c)  500  sec,  1000  sec  (d)  None  of  these 


44. 

Column  I 

Column  II 

R 

Zero  order  reaction 

1.  t1/2  “ — 

1/2  [A]0 

Q. 

First  order  reaction 

2.  tjoo%  =IA]0  / 

R. 

Second  order  reactions 

3.  Involves  at  least  two  reactants 

S.  Pseudo  unimolecular  reaction  4.  [A]  =  [A]0e  kt 
Code: 

P  Q  R  S 
(a)  2  1  4  2 

(h)  2  4  1  3 

..(c)  2  1  3  4 

(d)  3  2  1  4 

45.  For  the  zero  order  reaction  A  -*  B  +  C;  initial  concentration  of  A  is  0.1  M.  If  A  =  0.08  M  after 
10  minutes,  then  it’s  half-life  and  completion  time  are  respectively : 

(a)  10  min;  20  min  (b)  2  x  10"3  min;  4  x  10“3  min 

(c)  25  min,  50  min  (d)  250  min,  500  min 

46.  For  an  elementary  reaction,  X(g)  ->  Y(g)  +  Z(g) 

the  half  life  period  is  10  min.  In  what  period  of  time  would  the  concentration  of  X  be  reduced 
to  10%  of  original  concentration  ? 

(a)  20  Min.  (b)  33  Min  (c)  15  Min  (d)  25  Min 

47.  In  the  presence  of  an  acid,  the  initial  concentration  of  cane  sugar  was  reduced  from  0.20  to 
0.10  molar  in  5  hours  and  from  0.2  to  0.05  molar  in  10  hours.  The  reaction  is  of- 

(a)  Zero  order  (b)  First  order  (c)  Second  order  (d)  Third  order 

48.  A  first  order  reaction  is  75%  completed  in  100  minutes.  How  long  time  will  it  take  for  it’s 
87.5%  completion? 

(a)  125  min  (b)  150  min  (c)  175  min  (d)  200  min 

49.  The  rate  constant  for  a  first  order  reaction  whose  half  life  is  480  sec. 

(a)  1.44  xlO"3  sec-1  (b)  1.44x  sec"1  (c)  0.72  x  10"3  sec"3  (d)  288x  10~3  sec"3 

'50.  Rate  constant  k  =  2.303  min-1  for  a  particular  reaction.  The  initial  concentration  of  the 
reaction  is  1  mol/litre  then  rate  of  reaction  after  1  minute  is  : 

(a)  2.303  M  min"1  (b)  0.2303  M  min"1  (c)  0.1  M  min"1  (d)  none  of  these 

51.  For  the  reaction  3 A(g) — — >B(g)  +  C(g),  k  is  10"14L/mol.min. 

if  [A]  =  0.5M  then  the  value  of  (in  Ms-1)  is: 

dt 

(a)  7.5  x  10-5  (b)  3x  10“4  (c)25xl0"s  (d)  none  of  these 

52.  99%  of  a  first  order  reaction  was  completed  in  32  minutes  when  99.9%  of  the  reaction  will 
complete  : 

(a)  50  min  (b)  46  min  (c)  48  min  (d)  49  min 


53.  Which  of  the  following  represents  the  expression  for  -th  life  of  first  order  reaction 

4  ■ 


(a) 


2.303 


log  4/3  (b)  log  3/4 


,  .  2303.  . 

(c)  — — log  4 


...  2.303.  _ 

(d)  — - — log  3 


54.  Consider  the  following  first  order  competing  reactions: 

X  >A  +  B  and  Y  b  >C  +  D 

if  50%  of  the  reaction  of  X  was  completed  when  96%  of  the  reaction  of  Y  was  completed,  the 
ratio  of  their  rate  constants  (k2  /  k})  is: 

(a)  4.06  (b)  0.215  (c)  1.1  (d)  4.65 

55.  For  the  reactions 


(i)  A-b-^P 

(ii)  B — ^ — >Q,  foUowing  observation  is  made. 


56. 


(a)  2.303  (b)  1  (c)  0.36  (d)  0.693 


The  decomposition  of  N2Os  in  chloroform  was  followed  by  measuring  the  volume  of  02  gas 
evolved  :  2N2Os  (CC14)  • — >  2N204  (CC14)  +  02(g).  The  maximum  volume  of  02  gas 
obtained  was  100  cm3.  In  500  minutes,  90-cm3  of  02  were  evolved.  The  first  order  rate 
constant  (in  min-1)  for  the  disappearance  of  N205  is  : 


(a) 


2.303 

500 


Cb) 


2.303  .  100 

- log - 

500  90 


,  .  2.303  .  90 

(c) - log - 

500  100 


(d) 


100 

10  x  500 


57.  For  a  homogeneous  gaseous  reaction  A - »3 B,  if  pressure  after  time  t  was  PT  and  after 

completion  of  reaction,  pressure  was  Px  then  select  correct  relation 


(a)  k  =  -  Ira 

t 


( 


(c)  k 


-H 


3(Fro  -Pt 
3P<o 

2P.-P, 


(b)  k=- Inj 
t 


2Pm 


(d)  fc  =  ^  Inj 


3 C#V,  ~PT) 

2P<o 

3(PW  -PT)) 


( 


58.  The  half-life  of  first  order  decomposition  of  NH4N03  is  2.10  hr  at  288  K  temperature 

NH4N03(aq)  - >  N20(g)  +  2H2O(0,  if  6.2  g  of  NH4N03  is  allowed  to  decompose, 

The  time  required  for  NH4N03  to  decompose  90%  and  the  volume  of  dry  N20  produced  at 
.this  point  measured  at  STP  are  respectively: 

(a)  6.978  hr,  2.016  L  (b)  0.319  hr,  2.12  L  (c)  0.319  hr,  2.016  L  (d)  None  of  these 


59.  For  a  first  order  homogeneous  gaseous  reaction,  A  - >  2B  +  C 

then  initial  pressure  was  P(  while  total  pressure  after  time  ‘t’  was  Pt.  The  right  expression  for 
the  rate  constants  k  in  terms  of  P„  Pt  and  t  is  : 


(b) 


2.303 

t 


log 


,  .  ,  2.303  . 

(c)  k  =  — - —  log 


Pi-Pt 


(d)  none  of  these 


60.  The  decomposition  of  azo  methane,  at  certain  temperature  according  to  the  equation 

(CH3)2N2  - >  C2H6  +  N2  is  a  first  order  reaction. 

After  40  minutes  from  the  start,  the  total  pressure  developed  is  found  to  be  350  mm  Hg  in 
place  of  initial  pressure  200  mm  Hg  of  azo  methane.  The  value  of  rate  constant  k  is  : 

(a)  2.88  x  10^  sec-1  (b)  1.25  x  lO^sec-1  (c)  5.77  x  10"4  sec-1  (d)  None  of  these 

61.  The  hydrolysis  of  sucrose  was  studied  with  the  help  of  polarimeter  and  following  data  were 

collected  time  (min.)  :  0  70  oo 

observed  rotation  (degrees)  :  44  16.5  -11 

when  the  reaction  mixture  will  be  optically  inactive  ?  (Given:  In  2=0.7,  In  3  =  1.1,  In  5= 1.6) 

(a)  16  min.  (b)  69.47  min.  (c)  160  min.  (d)  none  of  these 

62.  For  a  particular  reaction  with  initial  cone,  of  the  reactants  as  a1  and  a2,  the  half-life  period  are 
tx  and  t2  respectively.  The  order  of  the  reaction  (n)  is  given  by  : 


(a)  n  =  1  + 


log  (t2/ti) 
log  (a^aj) 


(b)  n  = 


log  (tj/tj) 
log  (a^cq) 


'  (c)  n  =  1  +  log 


(tl/t2) 
log  (a^aj) 


63.  The  value  of  aB7S  for  nth  order  reaction  is 

£<150 

fol  o(2n-2)  rKl  of2"-2)-1 


(d)  none  of  these 


8^_  -1 
2"-1  -1 


(d)  None  of  these 


64.  A - >B  first  order  reaction  A  is  optical  active  and  B  is  optically  inactive,  a  series  of 

experiment  were  conducted  on  a  solution  of  A 

Time  0  60  min  qo 


optical  rotation  82°  77°  2° 

Assume  some  impurity  present  calculate  the  optical  rotation  after  5  hours. 

(Given  in  1.066  =  0.064,  ea16  =  1.1 7) 

(a)  60  (b)  30  (c)  20  '  (d)  120 

65.  At  300  K  the  half-life  of  a  sample  of  a  gaseous  compound  initially  at  1  atm  is  100  sec.  When  the 
pressure  is  0.5  atm  the  half-life  is  50  sec.  The  order  of  reaction  is  : 

(a)  0  (b)  1  (c)  2  (d)  3 


66.  A  decomposes  as  A(g) 


the  rate  of  appearance  of  B,  taking  2  M 


concentration  of  A ,  is  equal  to  : 

(a)  2  x  10  3  M  s'1  (b)  4  x  10-3  M  s-1  (c)  8  x  10-3  M  s_1  (d)  None  of  these 

67.  For  an  endothermic  reaction  where  AH  represents  the  enthalpy  of  reaction  in  kJ/mol,  the 
minimum  value  for  the  energy  of  activation  will  be  : 

(a)  less  than  AH  (b)  more  than  AH  (c)  equal  to  AH  (d)  zero 

68.  The  activation  energy  of  the  reaction,  A  +  B - >  C  +  D  +  38  kcal  is  20  kcal.  What  would  be  the 

activation  energy  of  the  reaction, 

C  +D  ^  A  +  B  . 

(a)  20  kcal  (b)  -20  kcal  (c)  18  kcal  (d)  58  kcal 

69.  When  the  activation  energies  of  the  forward  and  backward  reactions  are  equal,  then: 

(a)  A£  =  0,  AS  =  0  (b)  A£  =  0;  AG  =  0  (c)  AS  =  0;  AG  =  0  (d)  only  AE=0 

70.  For  an  exothermic  chemical  process  occurring  in  two  steps  as  follows 

(i)  A  +  B  - >  X  (slow)  (ii)  X  - >  AB  (fast) 

The  process  of  reaction  can  be  best  describe  by: 


R.C.  R.C. 


71.  Select  the  correct  diagram  for  an  endothermic  reaction  that  proceeds  through  two  steps,  with 
the  second  step  is  rate  determining  : 


reaction  coordinate  reaction  coordinate  reaction  coordinate  reaction  coordinate 


72.  — ^  >  1,  this  means  that 

k34o 

(a)  Rate  increases  with  the  rise  in  temperature 

(b)  Rate  decreases  with  rise  in  temperature 

(c)  rate  does  not  change  with  rise  in  temperature 

(d)  None  of  the  above 

73.  The  plot  of  In  k  versus  1/T  is  linear  with  slope  of: 

(a)  -Ea/R  (b)  Ea/R  (c)  E a/2.303  R  (d)  -  £fl/2.303  R 

74.  Rate  constant  for  a  chemical  reaction  takes  place  at  500K  is  expressed  as  k  =  A.  e-1000 
The  activation  energy  of  the  reaction  is: 

(a)  100  cal/mol  (b)  1000  kcal/mol  (c)  104  kcal/mol  (d)  106  kcal/mol 

75.  For  a  complex  reaction  A  - >  products 

£Qi  =  180  kJ/mol;  Ea2  =  80  kJ/mol;  Ea3  =  50  kJ/mol 

f  k  .kr 

Overall  rate  constant  k  is  related  to  individual  rate  constant  by  the  equation  k  =\ 


Activation  energy  (kJ/mol)  for  the  overall  reaction  is  : 
(a)  100  (b)  43.44  (c)  150 


(d)  140 


—E  / RT  . 

76.  For  reaction  A - >  B,  the  rate  constant  k:  =  A:(e  ai  )  and  for  the  reaction  X - ►  Y,  the 

rate  constant  k2  =  A2(e  £fl2/RT).  jf  A,  =  109,  A2  =1010  and  Ea]  =1200  cal/mol,  then  the 
temperature  at  which  k}  =k2  is:  (Given;  R  =  2  cal/K-mol) 

(a)  300K  (b)  300x2.303K  (c)  (d)  None  of  these 


(d)  None  of  these 


77.  The  activation  energies  of  the  forward  and  backward  reactions  in  the  case  of  a  chemical 
reaction  are  30.5  and  45.4  kJ/mol  respectively.  The  reaction  is  : 

(a)  Exothermic  (b)  Endothermic 

(c)  Neither  exothermic  nor  endothermic  (d)  Independent  of  temperature 

-25000 

78.  A  reaction  rate  constant  is  given  by  :  k  -  1.2  x  I014e  RT  sec  :.  It  means 

(a)  log  k  versus  log  T  will  give  a  straight  line  with  a  slope  as  25000 

(b)  log  k  versus  log  T  will  give  a  straight  line  with  a  slope  as  -25000 

(c)  log  k  versus  T  will  give  a  straight  line  with  a  slope  as  -25000 

(d)  log  k  versus  1/T  will  give  a  straight  line 

79.  The  temperature  coefficient  of  a  reaction  is  : 

(a)  The  rate  constant 

(b)  The  rate  constant  at  a  fixed  temperature 

(c)  The  ratio  of  rate  constant  at  two  temperature 

(d)  The  ratio  of  rate  constant  differing  by  10°C  preferably  k30B/k298 
-80.  Which  graph  shows  zero  activation  energy? 


'  Reaction 


-  Reaction 


-  Reaction 


“  Reaction 


81.  A  homogeneous  catalytic  reaction  takes  place  through  the  three  alternative  plots  A,  B  and  C 
shown  in  the  given  figure  which  one  of  the  following  indicates  the  relative  ease  with  which  the 
reaction  can  take  place  ? 


(a)  A  >B>C  (b)  C  >B>  A  (c  )A>C>B  (d  )A=B=C 

82.  A  first  order  reaction  is  50%  completed  in  20  minutes  at  27°C  and  in  5  minutes  at  47°C.  The 

energy  of  activation  of  the  reaction  is  : 

(a)  43.85  kJ/mol  .  (b)  55.14  kj/mol  (c)  11.97  kJ/mol  (d)  6.65  kJ/mol 

83.  The  rate  of  a  reaction  gets  double  when  temp  changes  from  7°C.  By  what  factor  will  it  change 
for  the  temp  range  17°C  to  27°C. 

(a)  1.81  (b)  1.71  (c)  1.91  (d)  1.76 

84.  Which  of  the  following  explains  the  increase  of  the  reaction  rate  by  catalyst: 

(a)  Catalyst  decreases  the  rate  of  backward  reaction  so  that  the  rate  of  forward  reaction 
increases 

(b)  Catalyst  provides  extra  energy  to  reacting  molecules  so  that  they  may  reduce  effective 
collisions 

(c)  Catalyst  provides  an  alternative  path  of  lower  activation  energy  to  the  reactants 

(d)  Catalyst  increases  the  number  of  collisions  between  the  reacting  molecules. 

85.  Collision  theory  is  satisfactory  for: 

(a)  First  order  reactions  (b)  Zero  order  reactions 

(c)  Bimolecular  reactions  __  (d)  Any  order  reactions 

86.  For  the  first  order  reaction  A - >B  +  C,  carried  out  at  27°C  if  3.8  x  10'16%  of  the  reactant 

molecules  exists  in  the  activated  state,  the  Ea  (activation  energy)  of  the  reaction  is 

(a)  12  kJ/mole  (b)  831.4  kJ/mole  (c)  100  kJ/mole  (d)  88.57  kJ/mole 

87.  A  catalyst  lowers  the  activation  energy  for  a  certain  reaction  from  83.314  to  75  kJ  mol-1  at 
500  K.  What  will  be  the  rate  of  reaction  as  compare  to  uncatalysed  reaction?  Assume  other 
things  being  equal. 


(a)  Double  (b)  28  times  (c)  7.38  times  (d)  7.38  x  103  times 


88.  A  following  mechanism  has  been  proposed  for  a  reaction 
2A  +  B  ->D  +  E 

A+B  -»  C  +D  (slow) 

A  +  0  — ^  E  (fast) 

The  rate  law  expression  for  the  reaction  is: 

(a)  r  =  fc[A]2[B]  (b)  r  =  fc[A][B]  (c)r  =  fc[A]2  (d)  r  =  fc[A][C] 

89.  A  hypothetical  reaction  A2  +  B2 - >  2AB  follows  the  mechanism  as  given  below 

A2^A  +  A(fast) 

A  +  B2  -+AB  +  B  (slow) 

A+B  ->  AB  (fast) 

The  order  of  the  over  all  reaction  is 

(a)  2  (b)  1  (c)  |  (d)  0 

90.  Chemical  reaction  occurs  as  a  result  of  collisions  between  reacting  molecules.  Therefore,  the 
reaction  rate  is  given  by 

(a)  Total  number  of  collisions  occurring  in  a  unit  volume  per  second 

(b)  Fraction  of  molecules  which  possess  energy  less  than  the  threshold  energy 

(c) Total  number  of  effective  collisions  which  have  enough  activation  energy 

(d)  none  of  the  above 

91.  Radioactivity  is  affected  by  : 

(a)  temperature  (b)  pressure 

(c)  electric  and  magnetic  field  (d)  none  of  these 

92.  The  radiation  from  naturally  occurring  radioactive  substance  as  seen  after  deflection  by  a 
magnetic  field  in  one  direction  are  : 

(a)  a-rays  (b)  P-rays 

(c)  both  a  and  p  rays  (d)  either  a  or  p-rays 

93.  In  the  radioactive  decay 

ZXA  ->  z  +  l Ya  ->  z_  1ZA~4  ->  z_ 1ZA"4  the  sequence  of  the  radiation  emitted  is  : 

high  energy  low  energy 

(a)  a,  p,  y  (b)  y,  a,  p 

(c)  P,  y,  a  (d)  P,  a,  y 

94.  A  radioactive  nuclide  emitts  y-rays  due  to  the  : 

(a)  emission  of  an  electron  from  its  orbital 

(b)  nuclear  energy  transition  from  a  higher  state  to  a  lower  state 

(c)  presence  of  less  neutrons  than  protons 

(d)  presence  of  more  neutrons  than  protons 

95.  Consider  the  following  decay  ZXA-+Z  +  1YA  +  _j e X  is  unstable  because  : 

(a)  its  nucleus  has  excess  energy  (b)  —  ratio  is  high 

P 

(c)  -  ratio  is  low  (d)  none  of  these 

P 
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Consider  the  following  decay  ZXA  -+z_x YA  +  +1e°  (p+)  X  is  unstable  because  : 


(b)  —  ratio  increases 
P 

(d)  may  increase  or  decrease 


(a)  it’s  nucleus  has  excess  energy  (b)  -  ratio  is  high 

P 

(c)  -  ratio  is  low  (d)  none  of  these 

P 

During  a-decay  : 

(a)  —  ratio  decreases  (b)  ~  ratio  increases 

P  p 

,  .  n 

icJ  —  remains  constant  (d)  may  increase  or  decrease 

Which  of  the  following  processes  causes  the  emission  of  X-ray? 

(a)  a-emission  (b)  Remission 

(c)  p+  (Positron  emission)  (d)  electron  capture 

Which  of  the  following  processes  result  in  an  increase  in  the  atomic  number  of  a  nuclide? 
(a)  a-emission  (b)  electron  capture  (c)  y-emission  (d)  (3- (Beta)  emission 

. is  produced  when  a  positron  and  an  electron  collide. 

(a)  X-ray  (b)  Neutron  (c)  y-radiation  (d)  Neutrino 

67  Ho165  is  stable  isotope.  67  Ho150  is  expected  to  disintegrated  by: 

(a)  a-emission  (b)  |3-emission  (c)  positron  emission  (d)  y-emission 

jH1  is  a  stable  isotope.  1H3  is  expected  to  disintegrated  by : 

(a)  a-emission  (b)  (3-emission  (c)  positron  emission  (d)  proton  emission 

Loss  in  p-particle  is  equivalent  to  : 

(a)  increase  of  one  proton  only  (b)  decrease  of  one  neutron  only 

(c)  both  (a)  and  (b)  (d)  none  of  these 

Atoms  7Xa,  &Yb  and  9Z17  are  such  that  aY  is  an  isobar  of  7X  and  atom  9Z17  is  isotone  of 
aY.  Mass  no.  of  X  and  no.  of  neutrons  in  Y  are  respectively  : 

(a)  8,  8  (b)  17,  7  (c)  9,  8  (d)  16,  8 

90  Th  234  disintegrate  to  give  82  Pb206  as  the  final  product.  Total  no.  of  a  and  p  particles  emitted 

out  during  this  process  are  : 

(a)  6  Cb)  7  (c)  8  (d)  13 


(a)  6  Cb)  7 

.  An  isotone  of  32Ge76  is  : 

(a)  32  Ge77  (b)  3. 

Pair  of  isobar  is  : 


(a)  6C1J,  7N  Cb)  6C  ,  7N14  (c)  6C14;  eNa 

.  Isodiaphers  are  atoms  having: 

(a)  n/p  constant  (b)  p/n  constant  (c)  (n-p) 

The  ‘Group  displacement  law’  was  given  by: 

(a)  Bacqueral  (b)  Rutherford  (c)  Made 

3  Li7  +  ypl  — -»  X;  Identify  X  if  reaction  is  (p,  a)  type. 

(a)  4Be8  L  (b)  2 He4  (c)  0y° 


(d)  13 


(d)  none  of  these 


(c)  (n-p)  constant  (d)  (n-p)  different 
(c)  Madam  Curie  (d)  Soddy  and  Fajan 


(d)  none  of  these 


111.  Identify  reaction  type: 


(a)  (d,  p)  (b)  ip,  P)  (c)  (p,  d)  (d)  none  of  these 

112.  13A127  +  jp1  - >  X+  0y°;  Identify  X  if  reaction  is  (p,  y)  type  artificial  radioactive  reaction. 

(a)  13A128  (b)  14 Si27  (c)  14Si28  (d)  none  of  these 

113.  The  number  of  neutrons  accompanying  in  the  formation  of  54X139  and  38Sr194  from  the 
absorption  of  slow  neutron  by  92U235  followed  by  nuclear  fission  is  : 

(a)  0  (b)  1  (cj  2  (d)  3 

114.  What  will  be  the  product  of  reaction  101Md255  (a,  2 n)  ? 

(a)  103Lr256  (b)  i02No257  (c)  i03Lr257  (d)  82Pb205 

115.  Complete  the  following  nuclear  equation  by  supplying  the  symbol  for  the  other  product  of  the 
fission  : 

g2U235  +  o"1  - *  38Sr94  + . +  2  on1 


(c)  103Lr257  (d)  82Pb205 


2U235  +  o"1 


aSr94  + 


(a)  54Xe139  (b)  S4Xei4U  (c)  HGd‘"  (d)  none  of  these 

116.  235U  +10  n - Ba  +&  Kr  +  3 Jn  +  200MeV 

Total  energy  released  (in  MeV)  after  5fh  stage  of  fission  is 

(a)  48600  (b)  16200  (c)  24200  (d)  None  of  these 

117.  Proton  bombardment  of  Th230  followed  by  emission  of  two  alpha  particles  produce  : 


116.  92s  U+J,  n 


(a)  Rn2 


(b)  Ra" 


(c)  Fr 


(d)  Pr' 


1 18.  84  Po210  - >  82Pb206  +  2He4 .  In  this  reaction  predict  the  position  of  group  of  Po  when  Pb  is 

in  the  IV  B  group  :  • 

(a)  II B  (b)  IV  B.  ,  (c)  VI A  (d)  VI B 

119.  90Th  is  a  member  of  III  group  on  losing  a-particle  forms  a  new  elements  belonging  to  : 

(a)  I  group  (b)  II  group  (c)  III  group  (d)  IV  group 

120.  Alpha  decay  of  92  U  238  forms  90Th234.  What  kind  of  decay  from  90Th234  produces  89Ac234? 

(a)  a  (b)  |3  (c)  J3+  (positron)  (d)  y-emission 

121.  83Bi214  decays  to  A  by  a-emission;  A  then  decays  to  B  by  beta  emission,  which  decays  to  C  by 
another  beta  emission.  Element  C  decays  to  D  by  still  another  beta  emission,  and  D  decays  by 
a-emission  to  a  stable  isotope  E.  What  is  an  element  E? 

(a)  81T1207  (b)  80Hg206  (c)  79Au206  (d)  82Pb206 

122.  The  activity  of  a  radioactive  nuclide  (X100)  is  6.023  curie  at  a  certain  time  lt\  If,  its 
disintegration  constant  is  3.7  x  104  s-1  the  mass  of  X  after  t  sec  is  : 

(a)  6.022  x  106  g  (b)  10'13  g  (c)  1CT15  g  (d)  10"17  g 

123.  Activity  of  a  radioactive  substance  is  Ax  at  time  tx  and  A2  at  time  t2(t2  >  t1),  then  the  ratio  of 


,  W*2  +  fl) 


-Kti  +t2) 


(d)  — 

tl 


124.  The  haJf-life  of  6C14  is  5730  year.  What  fraction  of  it’s  original  C14  would  left  after  22920  year 
of  storage? 

(a)  0-50  (b)  o.25  (c)  0.125  (d)  0.0625 

125.  A  radioactive  sample  had  an  initial  activity  of  56  dpm.  After  69.3  minutes,  it  was  found  to  have 
an  activity  of  28  dpm.  Find  the  number  of  atoms  in  a  sample  having  an  activity  of  100  dpm. 

(a)  693  (b)  100  (c)  1000  (d)  10,000 

126.  A  radioactive  sample  has  initial  activity  of  28  dpm  30  minutes  later  its  activity  14  dpm.  How 
many  atoms  of  nuclide  were  present  initially? 

(a)  2800  (b)  1217  (c)  528  (d)  2802 

127.  The  half-life  of  Co60  is  5.27  year  (X  =  2.5  x  10‘7  min'1 ).  The  activity  of  2.09  of  the  sample  is 
\  V  nearly : 

!  (a)  5  X  105  dpm  (b)  2.5  x  1010  dpm  (c)  5  x  1010  dpm  (d)  1010  dpm 

128.  Half-life  (f1/2)  for  a  radioactive  decay  is  6930  sec.  The  time  required  to  fall  the  rate  of  decay  bv 

•  •  •  (  i  Vh  y  y 

’  '  of  it’s  initial  value  is  : 

uooj 

(a)  69.3  sec  (b)  20,000  sec  (c)  23030  sec  (d)  none  of  these 

129.  A  sample  of  radioactive  substance  is  found  90%  of  it’s  initial  amount  after  one  day.  What  %  of 
the  original  sample  can  be  found  after  3  days? 

fa)  81  .  (b)  72.9  (c)  25  (d)  65.61 

130.  If  time  r  is  required  for  a  radioactive  substance  to  become  one  third  of  it’s  initial  amount,  what 
fraction  would  be  left  after  0.5  t? 


131.  The  present  activity  of  the  hair  of  Egyption  mummy  is  1.75  dpm.  tl/2  of  6C14  is  5770  year  and 
disintegration  rate  of  fresh  sample  of  C14  is  14  dpm.  Find  out  age  of  mummy. 

(a)  23080  year  (b)  138480  year  (c)  11998.3  year  (d)  17313.6  year 

132.  The  amount  of  6C14  isotope  in  a  piece  of  wood  is  found  to  one  fourth  (1/4)  of  that  present  in  a 
fresh  piece  of  wood.  Calculate  the  age  of  the  piece  of  wood  (t12  of  6C14  =  5770  years) 

(a)  7999  year  (b)  11540  year  (c)  16320  year  (d)  23080  year 

133.  A  radioactive  element  undergoing  decay  is  left  20%  of  it’s  initial  weight  after  certain  period  of 
time  f,  how  many  such  periods  should  elapse  from  the  start  for  the  50%  of  the  element  to  be 
left  over? 


^  (b)  4  (c)  5  (d)  None  of  these 

134.  In  a  sample  of  wood,  the  reading  of  a  counter  is  32  dpm  and  in  a  fresh  sample  of  tree  it  is 

122dpm.  Due  to  error  counter  gives  the  reading  2  dpm  in  absence  of  14  C.  Half  life  of  14  C  is 

5770  years. 

The  approximate  age  (in  years)  of  wood  sample  is: 

(a)  7997.2  (b)  57570  (c)  11,540  (d)  15140 

135.  A  0.50g  sample  of  rock  was  found  to  have  25 x  10"6  mol  of  (  t1/2  =  1.3x  109  yr)  and 
7.5  x  10-6  mol  of  2QCa.  How  old  is  the  rock  ? 

(a)  6.5xl08  yr  -  (b)1.3xl09yr  (c)  2.6x  109  yr 


(d)  5. 2x  109yr 
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136.  Indium-112  is  radioactive  and  has  a  very  short  half-life  (t1/2  =14  min).  It’s  decay  constant  and 
average  life  are  respectively  : 

(a)  0.0495  min-1,  9.7  min  (b)  0.495  min-1,  20.2  min 

(c)  9.7  min-1,  20.2  min  ■  (d)  0.0495,  20.2  min 

137.  The  half-life  of  radioactive  element  is  100  minutes.  The  time  interval  between  the  stages  to 
50%  and  87.5%  decay  will  be  : 

(a)  100  min  (b)  50  min  •  (c)  200  min  (d)  25  min 

138.  The  half-life  of  Tc"  is  6.0  hr.  The  total  residual  activity  in  a  patient  30  hr  after  receiving  an 
injection  containing  Tc99  must  be  more  than  0.01  pC,-.  What  is  the  maximum  activity  (in  pCj) 

that  the  sample  injected  an  have? 

(a)  0.16  (b)  0.32  (c)  0.64  (d)  0.08 

139.  A  pure  radio-chemical  preparation  was  observed  to  disintegrate  at  the  rate  of  2140 
counts/minutes  at  12.35  EM.  At  3.55  EM.  of  the  same  day,  the  disintegration  rate  of  the 
sample  was  only  535  count/minutes.  What  is  the  half-life  of  the  material? 

(a)  50  min  (b)  100  min  (c)  200  min  (d)  None  of  these 

140.  A  certain  radioactive  isotope  ZXA  (tl/2  =  100  days)  decays  to  z_ 2YA  8-  If  1  ^ole  of  ZX  is 
kept  in  sealed  container,  how  much  He  gas  will  accumulate  at  STP  in  200  days? 

(a)  11.2  litre  (b)  33.6  litre  (c)  22.4  litre  (d)  44.8  litre 

141.  A  radioactive  substance  decay  25%  in  10  minute.  If  at  start  there  are  4x  1020  atoms  present, 
after  what  time  will  the  number  of  atoms  be  reduced  to  1020  atoms?  (given  In  3  =  1.098) 

(a)  10.98  min  (b)  21.97  min  (c)  48.19  min  (d)  None  of  these  „  - 

142.  The  time  of  decay  for  a  nuclear  reaction  is  given  by  t  =  4  ty2.  The  relation  between  the  mean 
life  (7)  and  time  of  decay  (t)  is  given  by : 

(a)  2  T  In  2  (b)  4  T  In  2  (c)  2  T4  In  2  (d)  In  2 

143.  Two  radio  isotopes  A  and  B  of  atomic  weight  X  and  Y  are  mixed  in  equal  amount  by  weight. 
After  20  days,  their  weight  ratio  is  found  to  be  4  :  1.  Isotope  A  has  a  half-life  of  1  day.  The 
half-life  of  isotope  B  is  : 

(a)  1.11  —  day  (b)  0.11  —  day  (c)  0.6237  day  (d)  1.11  day 

X  x 

144.  Two  radioactive  nuclides  A  and  B  have  half-lives  50  min  and  10  min  respectively.  A  fresh 
sample  contains  the  nuclide  of  B  to  be  eight  time  that  of  A.  How  much  time  should  elapse  so 
that  the  number  of  nuclides  of  A  becomes  double  of  B? 

(a)  30  (b)  40  (c)  50  (d)  100 

145.  A  radioactive  nuclide  is  produced  at  a  constant  rate  of  a  per  second.  It’s  decay  constant  is  X.  If  N0 

be  the  no.  of  nuclei  at  time  f  =  0,  then  max.  no.  of  nuclei  possible  are  : 

(a)  N0  (b)  a IX  (c)  N0  +  ^  (d)  -  +  N0 s 

A.  O 

146.  An  analysis  of  the  rock  shows  that  the  relative  number  of  Sr87  and  Rb87  (t1/2  =  4.7  x  1010 

year)  atoms  is  0.05.  What  is  the  age  of  the  rock?  Assume  all  Sr87  to  be  formed  from  Rb87  only, 
(a)  7.62  x  109  year  (b)  1 .43  x  109  year 

(c)  3.28  x  109  year  (d)  4.32  x  108  year 
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.147.  There  are  two  radio  nuclei  A  and  B.  A  is  a  a-emitter  and  B  is  (3-emitter,  their  disintegration 
constant  are  in  the  ratio  of  1  :  2.  What  should  be  the  number  of  atoms  of  two  at  time  t  =  0,  so 
that  probability  of  getting  of  a  and  (3-particles  are  same  at  time  t  =  0 : 

(a)  2  :  1  (b)  4  :  1  (c)  1  :  2  (d)  1  :  4 

148.  A  radioactive  substance  (parent)  decays  to  it’s  daughter  element,  the  age  of  radioactive 
substance  (t)  is  related  to  the  daughter  (<f)/parent  (p)  ratio  by  the  equation.: 


What  are  the  decay  constants  (A)  for  Th  and  Fr  respectively? 

-  ’  (a)  0.03087,  0.00063  (b)  0.00063,  0.03087  (c)  0.02,  0.98  (d)  None  of  these 

150.  84  Po218  (tV2  =  183  sec)  decay  to  82Pb  (t1/2  =  161  sec)  by  a-emission,  while  Pb2H  is  a 
(3-emitter.  In  an  experiment  starting  with  1  mole  of  pure  Po218,  how  much  time  would  be 
required  for  the  number  of  nuclei  of  82Pb214  to  reach  maximum? 

(a)  147.5  (b)  247.5  (c)  182  (d)  304 


/ 
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1.  The  forward  rate  constant  for  the  elementary  reversible  gaseous  reaction 

C2H6  ^  2CH3  is  1.57  x  10'3  s_1at  100  K 

What  is  the  rate  constant  for  the  backward  reaction  at  this  temperature  if  10"4  moles  of  CH3 
and  10  moles  of  C2H6  are  present  in  a  10  litre  vessel  at  equilibrium. 

(a)  1.57  x  109  L  mol'1  s'1  (b)  1.57  x  1010  L  mol"1  s'1 

(c)  1.57  x  1011  L  mol-1  s"1  (d)  1.57  x  107  L  mol'1  s'1 

2.  For  a  hypothetical  reaction, 

A +  30 - >P  AH  =  -2x  kJ/mole  of  A 

&  m - ►  2Q  +  R  A H  =+x  kJ/mole  of  M 

If  these  reactions  are  carried  simultaneously  in  a  reactor  such  that  temperature  is  not 
changing.  If  rate  of  disappearance  ofBisy  M  sec'1  then  rate  of  formation  (inM  sec'1)  ofQis: 

(a)  |y  (b)  |y  Cc)  |y.  (d) 

3.  The  kinetic  data  for  the  given  reaction  A(g)  +  2 B(g)  —  ->  C(g)  is  provided  in  the  following 

table  for  three  experiments  at  300  K  • _  .*>! 


Ex.  No. 

[A/M] 

[B/M],. 

Initial  rate  (M  sec-1)  ! 

1. 

0.01 

0.01 

6.930  x  HT* 

2. 

0.02 

0.01 

1.386  x  10’5 

3. 

0.02 

0.02 

1.386  xl0's 

In  another  experiment  starting  with  initial  concentration  of  0.5  and  1  M  respectively  for  A  and 
B  at  300  K,  find  the  rate  of  reaction  after  50  minutes  from  start  of  experiment  (in  M/sec), 
(a)  6.93  x  1CT4 1  (b)  0.25  x  10“7  (c)  4.33  x  10'5  (d)  3.46  x  10"4 

4.  The  reaction  A(g)  +  20(g)  - >  C(g)  is  an  elementary  reaction.  In  an  experiment  involving 

this  reaction,  the  initial  partial  pressures  of  A  and  0  are  PA  =  0.40  atm  and  PB  =  1.0  atm 
respectively.  When  Pc  =  0.3  atm,  the  rate  of  the  reaction  relative  to  the  initial  rate  is  : 

(o')  _L  (b)  —  (c)  —  (d)  none  of  these 

12  .50  25 

5.  Which  of  the  following  is  incorrect  statement  ? 

(a)  Stoichiometry  of  a  reaction  tells  about  the  order  of  the  elementary  reactions 

(b)  For  a  zero  order  reaction,  rate  and  the  rate  constant  are  identical. 

(c)  A  zero  order  reaction  is.  controlled  by  factors  other  than  concentration  of  reactants 

(d)  A  zero  order  reaction  is  an  elementary  reaction 


6.  Two  first  order  reaction  have  half-lives  in  die  ratio  8 :  L  Calculate  the  ratio  of  time  intervals 

•  ■  •  flY*1 

tj  :  t2.  The  time  t1  and  t2  are  the  time  period  for  I -  I  and  I —  I  completion. 

(a)  1  :  0.301  (b)  0.125  :  0.602  (cl  1  :  602  <vn  nnnp  nf  thi=>co 


(a)  1  :  0.301  (b)  0.125  :  0.602  (c)  1  :  602  (d)  none  of  these 

7.  Reaction  A  +  B - >  C  +  D  follows  rate  law,  r  =  k[A)V2  [B]1/2  starting  with  1  M  of  A  and  B 

each.  What  is  the  time  taken  for.  concentration  of  A  become  0.1  M? 

[Given  k  =  2.303  x  10'2  sec-1]. 

(a)  10  sec  (b)  100  sec  (c)  1000  sec  (d)  434  sec 

8.  For  the  two  reactions  I:  A  — >  B ;  II:  C  — »  D  following  graph  is  obtained. 


i _  60  _ .  Time  (min) 

Which  of  the  following  is  true: 

(a)  If  [B]  =  [A]  then  at  that  time  [BJ  <  [D]  (b)  If  [C]  =  [A]  then  at  that  time  [B]  >  [D] 

(f100%)Reactionl:(f100%)Reactionn  (d)  [A]  =  [C]  at  t  = min. 

2 

9.  The  reaction  A(g)  - >  B(g)  +  2£{g)  is  a  first  order  reaction  with  rate  constant 

2.772  x  10  s  1 .  Starting  with  0.1  mole  of  A  fn  2  litre  vessel,  find  the  concentration  of  A  after 
.  250  sec  when  the  reaction  is  allowed  to  take  place  at  constant  pressure  at  300  K. 

(a)  0.0125  M  (b)  0.025  M  (c)  0.05  M  (d)  none  of  these 

10.  For  a  first  order  homogeneous  gaseous  reaction,  A  - ►  2B  +  C 

If  the  total  pressure  after  time  t  was  Pt  and  after  long  time  (t  ->  oo)  was  then  k  in  terms  of 
Pt,  Pn  and  t  is  : 


(a)k  =  ^,og 

*  { P»~Pt 


(c)fe-^l0g 

t  5i3  (Pm-Pt) 


t  P  _  p 

L  \rco  rt 


(d)  none  of  these 


11.  A(aq)  - >  B(aq)  +  C(aq)  is  a  first  order  reaction. 

Time  t  « 

moles  of  reagent  nj  n2  ■ 

Reaction  progress  is  measure  widi  the  help  of  titration  of  reagent  ‘R\  If  all  A,  B  and  C  reacted 
with  reagent  and  have  V  factors  [n  factor;  eq.  wt.  =  ffo1'  wt  ]  in  the  ratio  of  1  :  2  :  3  with  the 


reagent.  The  k  in  terms  oft,  nx  and  n2  is  : 


(a)  k  =  -  In  [ — —  ■ 
t  [_n2  -  rij 


Cb)  k  =  -  In  [ 

t  ^  n  2  “■  j 
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(c)  k  =  -\n 
t 


,  jv  .  1  ,  {  4n 2 

(d)  fc  =  -  In  — - 2— r 

t  ^5^2-0!) 


12.  The  gaseous  decomposition  reaction,  A(g )  - — >  2B(g)  +  C(g)  is  observed  to  first  order  over 

the  excess  of  liquid  water  at  25°C.  It  is  found  that  after  10  minutes  the  total  pressure  of  system 
is  188  torr  and  after  veiy  long  time  it  is  388  torr.  The  rate  constant  of  the  reaction  (in  hr-1 ) 
is  :  [Given  :  vapour  pressure  of  H20  at  25°  is  28  torr  On  2  =  0.7,  In  3  =  1.1,  In  10  =  2.3)] 

(a)  0.02  (b)  1.2  (c)  0.2  (d)  none  of  these 

13.  The  reaction.  Sucrose  H+  >  Glucose  +  Fructose,  takes  place  at  certain  temperature  while  the 

volume  of  solution  is  maintained  at  1  litre.  At  time  zero  the  initial  rotation  of  die  mixture  is 
34°.  After  30  minutes  the  total  rotation  of  solution  is  19°  and  after  a  very  long  time,  the  total 
rotation  is  -11°C.  Find  the  time  when  solution  was  optically  inactive. 

(a)  135  min  (b)  103.7  min  (c)  38.7  min  (d)  45  min 

14.  A  gaseous  compound  A  reacts  by  three  independent  first  order  processes  (as  shown  in  figure) 
with  rate  constant  2xl0-3,  3xl0-3  and  1.93  x  10~3 sec-1  for  products  B,  C  and  D 
respectively.  If  initially  pure  A  was  taken  in  a  closed  container  with  P  =  8  atm,  then  the  partial 
pressure  of  B  (in  atm)  after  100  sec  from  start  of  experiment. 

i 


(c)  1.154 


(d)  none  of  these 


(a)  0.288  (b)  0.577  (c)  1.154  (d)  none  ot 

15.  A  compound  A  dissociate  by  two  parallel  first  order  paths  at  certain  temperature 

kn(min-1)  _  ,  . _ 

a  r .  \  1  .  nDC-Y  U  -A  O')  v 


2 BCg) 


k2(min  *) 


kx  =  6.93  x  10  min" 


A(g)  '>  C(g)  k2  =  6.93  x  10  3  min  1 

The  reaction  started  with  1  mole  of  pure  ‘A’  in  1  litre  closed  container  with  initial  pressure  2 
atm.  What  is  the  pressure  (in  atm)  developed  in  container  after  50  minutes  from  start  of 
experiment? 

(a)  1.25  (b)  0.75  (c)  1.50  (d)  2.50 

16.  For  given  hypothetical  elementary  parallel  reaction, 

r~  “2b  T ' 


Where 


Initially  only  2  moles  of  A  are  present.  The  total  no.  of  moles  of  A,  B  and  C  at  the  end  of  75% 


reaction  are: 


(d)  3.5 


(problems  in  chemistry 


17.  The  reaction  cis-X  trans-X  is  first  order  in  both  directions.  At  25°C,  the  equilibrium 

constant  is  0.10  and  the  rate  constant  kj  =  3  x  10-4  s"1.  In  an  experiment  starting  with  the 

pure  cis-form,  how  long  would  it  take  for  half  of  the  equilibrium  amount  of  the  trans- isomer  to 
be  formed? 

(a)  150  sec  (b)  200  sec  (c)  240  sec  (d)  210  sec 

18.  A  hydrogenation  reaction  is  carried  out  at  500  K.  If  the  same  reaction  is  carried  out  in  the 
presence  of  a  catalyst  at  the  same  rate  with  same  frequency  factor,  the  temperature  required  is 
400  K.  What  is  the  activation  energy  of  the  reaction,  if  the  catalyst  lowers  the  activation  energy 
barrier  by  16  kj/mol? 

(a)  100  ib/mol  (b)  80  kJ/mol  (c)  60  kJ/mol  (d)  None  of  these 

19.  Consider  the  reaction. 

i  ' 


The  rate  constant  for  two  parallel  reactions  were  found  to  be  1CT2  dm3  moP1  s_1  and 
4x  10”2  dm3  mol”1  s"1.  If  the  corresponding  energies  of  activation  of  the  parallel  reaction 
are  100  and  120  kJ/mol  respectively,  what  is  the  net  energy  of  activation  CEfl)  of  A? 

(a)  100  kj/mol  (b)  120  kJ/mol  (c)  116  kJ/mol  (d)  220  kJ/mol 

20.  A  reaction  takes  place  in  various  steps.  The  rate  constant  for  first,  second,  third  and  fifth  steps 
are  klf  k2 ,  k3  and  ks  respectively.  The  overall  rate  constant  is  given  by 

k  =  h(h.Y2 

*3  Us  J 

if  activation  energy  are  40,  60,  50  and  10  kJ/mol  respectively,  the  overall  energy  of  activation 
(kJ/mol)  is : 

(a)  10  (b)  20  (c)  25  (d)  none  of  these 

21.  For  reaction  A  - ►  B,  the  rate  constant  Jq  =Aj  e_£ai/(Rr)  and  for  the  reaction  X  - >  Y, 

the  rate  constant  k2  =  A2e~Et“lART) .  If  Ax  =  108,  A2  =  1010  and  E^  =  600  cal/mol, 

Eai  =  1800  cal/mol,  then  the  temperature  at  which  /c,  =  k2  is  (Given  :  R=  2  cal/K-mol) 

(a)  1200  K  (b)  1200  x  4.606  K  (c)  K  (d)  K 

4.606 


(d)-^-K 

4.606 


22.  For  first  order  parallel  reaction  Zq  and  k2  are  4  and  2  min-1  respectively  at  300  K.  If  the 
activation  energies  for  the  formation  of  B  and  C  are  respectively  30,000  and  38,314  joule/mol 
respectively.  The  temperature  at  which  B  and  C  will  be  obtained  in  equimolar  ratio  is  : 


(d)  none  of  these 


(a)  757.48  K  (b)  378.74  K  (c)  600  K 

23.  In  the  series  reaction 

A  — .->  B — ^ — >C  — ^ — >D.  If  >  fc2  >  fc3  then  the  rate  determing  step  of  the  reaction  is 

(a)A->B  (b)  C  ->D 

(c)  B  ->C  (d)  Any  step 

24.  The  following  mechanism  has  been  proposed  for  the  exothermic  catalyzed  complex  reaction 

slow  fci  k2  _ 

A  +  B  LAB  — ->■  AB  +  I  P  +  A 

fast 

If  /q  is  much  smaller  than  fc2,  the  most  suitable  qualitative  plot  of  potential  energy  (R  E.)  versus 
reaction  co-ordinate  (R.C.)  for  the  above  reaction 


(b) 


ch3— c 


(VI) 


o 

OC2H5 


^5 

-H+;  fast 


'  © 

ch3— c—  oh 

I 

O— c2h5 

(V) 


K 

+  H20;  slow 
k.4 

-H20,  fast 


e 

H— O— H 

l 

CH,— C— OH 

I 

o— c2h5 

(IV) 


Which  of  the  following  potential  energy  Vs  reaction  co-ordinate  diagram  is  consistent  with 
given  mechanism? 


R.C. — *•  RC. — ► 


26.  For  the  first  order  reaction  A  - >  B  +  C,  carried  out  at  27°C  if  3.8  x  i0_16%  of  the  reactant 

molecules  exists  in  the  activated  state,  the  Ea  (activation  energy)  of  the  reaction  is  : 

(a)  12  kJ/mol  (b)  831.4  kJ/mol  (c)  100  kJ/mol  (d)  88.57  kJ/mol 

27.  Upon  irradiating  californium  with  neutrons,  a  scientist  discovered  a  new  nuclide  having  mass 

number  of  250  and  a  half-life  of  30  min.  After  90  min.  of  irradiation,  the  observed  radioactivity 
due  to  nuclide  was  100  dis/min.  How  many  atoms  of  the  nucleide  were  prepared  initially? 

(a)  2.4  x  104  (b)  3.46  x  104  (c)  1900  (d)  800 


28.  A  radioactive  isotope  X  with  half-life  of  6.93  x  109  years  decay  to  Y  which  is  stable.  A  sample 
of  rock  from  the  moon  was  found  to  contain  both  the  elements  X  and  Y  in  the  mole  ratio  1 :  7. 
What  is  the  age  of  the  rock? 

(a)  2.Q79x  1010  years  (b)  1.94  x  1010  years 

(c)  1.33  x  109  years  (d)  1010  years 

29.  The  average  (mean)  life  of  a  radio  nuclide  which  decays  by  parallel  path  is 

A  B;  Xi  =  1.8x  10"2  sec'1 

2 A  B;  X2  =  10'3  sec'1 

(a)  52.63  sec  (b)  500  sec  (c)  50  sec  (d)  none  of  these 

30.  The  radioactive  decay  83Bi211  -  >  81T1207,  takes  place  in  100  L  closed  vessel  at  27°C. 

Starting  with  2  moles  of  83  Bi211  (t1/2  =  130  sec),  the  pressure  development  in  the  vessel  after 
520  sec  will  be  : 

(a)  1.875  atm  (b)  0.2155  atm  (c)  0.4618  atm  (d)  4.618  atm 

31.  A  fresh  radioactive  mixture  containing  short  lives  species  A  and  B.  Both  emitting  a-particles 

initially  of  8000  a-particles  per  minute.  20  minutes  later,  they  emits  at  the  rate  of  3500 
a-particles  per  minute.  If  the  half-lives  of  the  species  A  and  B  are  10  minutes  and  500  hours 
respectively,  then  the  ratio  of  activities  of  A  :  B  in  the  initial  mixture  was  : 

(a)  4  :  6  (b)  6  :  4  (c)  3  :  4  (d)  3  :  1 

32.  In  order  to  determine  the  volume  of  blood  in  an  animal,  a  1.0  mL  sample  of  solution  of  103 
dpm  of  j  H3  is  injected  into  the  animal  blood  stream.  After  sufficient  time  for  circulatory 

equilibrium  to  be  established,  2  mL  of  blood  is  found  to  have  activity  to  10  dpm.  The  volume  of 
blood  in  animal  is  : 

(a)  199  mL  (b)  198  mL  (c)  200  mL  (d)  20  mL 

33.  The  ratio  of  activities  of  two  radio  nuclides  X  and  Y  in  a  mixture  at  time  t  -  0  was  found  to  be 
4:1.  After  two  hours,  the  ratio  of  activities  become  1:1.  If  the  t1/2  of  radio  nuclide  X  is  20  min 
then  t1/2  [in  minutes]  of  radio  nuclide  Y  is  : 

(a)  10  •  (b)  20  (c)  30  (d)  40 

34.  Find  the  age  of  an  ancient  Egyptian  wooden  article  (in  years)  from  the  given  information. 

(i)  Activity  of  1  g  of  carbon  obtained  from  ancient  wooden  article  =7  counts/min/g 

(ii)  Activity  of  1  g  carbon  obtained  from  fresh  wooden  sample  =15.4  counts  per  min/g 

(iii)  Percentage  increase  in  level  of  C14  due  to  nuclear  explosions  in  past  100  years  is  10% 

(iv)  tl/2  of  6C14  =  5770  years 

(a)  5.770  x  103  (b)  16.87  x  103  (c)  2488  (d)  none  of  these 

35.  The  isotopes  238  U  and  235  U  occur  in  nature  in  the  weight  ratio  140  :  1.  It  is  assumed  that 
initially  they  were  found  in  equal  weight.  If  half  life  (t1/2)  of  238U  =  4.5 x  109  and  t1/2  of 

235 U  =  5x  108  year  respectively  then  the  age  of  earth  is  (log 7  =  0.846; log 2  =  0.3) 

(a)  4.02xl09year  (b)  2.01xl09year  (c)  8.72xl09year  (d)  None  of  these 


PASSAGE  JJ 

Two  consecutive  irreversible  first  order  reactions  can  be  represented  by 


The  rate  equation  for  A  is  readily  integrated  to  obtain 

[A]t  .[A]0.e-*;and[fl]t  -e~k*) 

fc2  -  K] 


1.  At  what  time  will  B  be  present  in  greatest  concentration? 

(a)  - — —  (b)  — - —  In  —  (c)  — - —  In  —  (d)  None  of  these 

k2  -  Aq  fcj  -  k2  k2  k2  -  Jq  k2 

2.  When  Aq  =  1  s_1  and  k2  =  50  s"1 ;  select  most  appropriate  graph 


t  (sec)  t  (sec) 

3.  If  Jq  and  k2  both  are  almost  same  then  which  graph  is  most  suitable  : 

(a)  graph  A  (b)  graph  B  (c)  graph  C  (d)  graph  D 

4.  Select  the  correct  statement  for  given  reaction  : 

(a)  A  decreases  linearly 

(b)  B  rises  to  a  max.  and  then  constant 

(c)  B  rises  to  a  max.  and  then  falls 

(d)  The  slowest  rate  of  increases  of  C  occuring  where  B  is  max. 


CHEMICAL  KINETICS  AND  NUCLEAR  CHEMISTRY 


:  passage  2)Wm 

Arrhenius  studied  the  effect  of  temperature  on  the  rate  of  a  reaction  and  postulated  that  rate 
constant  varies  with  temperature  exponentially  as  k  =  Ae~Ea/RT.  This  method  is  generally  used 
for  finding  the  activation  energy  of  a  reaction.  Keeping  temperature  constant,  the  effect  of 
catalyst  on  the  activation  energy  has  also  been  studied. 


1.  The  pre-exponential  factor  in  the  Arrhenus  equation  of  a  first  order  reaction  has  the  units- 

(a)  mol  L'V1  (b)  L  molds'1  (c)  s'1  (d)  dimensionless 

2.  If  x  is  the  fraction  of  molecules  having  energy  greater  than  Ea-  it  will  be  given  by- 

(a)  x  =  Cb)  lnx  =  (c)  x  =  eE°/RT  (d)  Any  of  these 

RT  RT 

3.  If  the  rate  of  reaction  doubles  for  10°C  rise  of  temperature  form  290K  to  300K,  the  activation 

energy  of  the  reaction  will  be  approximately: 

(a)  40  kcal  mol-1  (b)  12  kcal  mol'1  (c)  60  kcal  mol'1  (d)  70  kcal  mol"1 

PASSAGE  3'1H 

j 

I  An  important  parameter  of  a  photochemical  reaction  is  the  quantum  efficiency  or  quantum 
;  yield  («J>)  which  is  defined  as 

^  moles  of  the  substance  reacted 
moles  of  photons  absorbed 

Absorption  of  UV  radiation  decompose  acetone  according  to  the  reaction 

(CH3)2CO  C2H6+CO 


X.  The  quantum  yield  of  the  reaction  at  330  nm  is  0.4.  A  sample  of  acetone  absorbs 
monochromatic  radiation  at  330  nm  at  the  rate  of  7.2  x  10'3  Js'1  (Given  :  N A  =  6  x  1023; 
h  =  6.6  x  10'34  in  S.I.  unit).  The  rate  of  formation  of  CO  (mol/s)  is  : 

(a)  2  x  10-8  (b)  8  x  10"8  (c)  8  x  10'9  (d)  none  of  these 

2.  If  quantum  yield  in  0.8  then  rate  of  formation  of  C2H6  (mol/s)  is  : 

(a)  2  x  1C8  (b)  1.6  x  10'9  (c)  16  x  10'9  (d)  8  x  10'9 

PASSAGE  4JH 

Radioactive  disintegration  is  a  first  order  reaction  and  it's  rate  depends  only  upon  the  nature 
!  of  nucleus  and  does  not  depend  upon  external  factors  like  temperature  and  pressure.  The  rate 
j  of  radioactive  disintegration  (Activity)  is  represented  as 

* 

Where  X  =  decay  constant;  N  =N0  of  nuclei  at  time  t;N0  -  initial  no.  of  nuclei 


PROBLEMS  IN  CHEMISTRY 


The  above  equation  after  integration  can  be  represented  as 

,  2.303.  (AM 

1.  Half-life  period  of  U237  is  2.5  x  10s  years.  In  how  much  time  will  the  amount  of  U237 
remaining  be  only  25%  of  the  original  amount? 

(a)  2.5  x  105  years  (b)  1.25  x  10s  years  (c)  5  x  105  years  (d)  106  years 

2.  Calculate  the  half-life  period  of  a  radioactive  element  which  remains  only  1/16  of  it’s  original 

amount  in  4740  years  :  z 

(a)  1185  years  (b)  2370  years  (c)  52.5  years  (d)  none  of  these 

3.  What  is  the  activity  in  Ci  (curie)  of  1.0  mole  of  Plutonium-239?  (t1/2  =-  24,000  years) 

(a)  1.49  Ci  (b)  14.9  Ci  (c)  5.513  x  1011  Ci  ,  (<1)  None  of  these 


PASSAGE  5^ 

Size  of  nucleus  was  obtained  by  the  equation  r  =  R0/l1/3,  where  r  is  the  radius  of  nucleus  of 
mass  no.  A  and  R0  is  a  constant  whose  value  is  equal  to  1.5  x  10"15  metre. 

(Given  1  amu  =  1.66x  10-24  g) 

1.  What  is  the  density  of  a  nucleus  of  mass  number  A? 

(a)  ^ n(1.5  x  10-15)3  A  (b)  1.17  x  1017  g/cm3(c)  1.17  x  10"17  kg/m3(d)  None  of  these 

2.  Nucleus  radius  of  6C12  is  3  x  10'1S  metre  What  is  density  ratio  of  dc/dH  0? 


(a)  1.76  x  101 


(b)  1.76  x  101 


(c)  17.6  x  107 


(d)  17.6  x  1017 


__  ONE  OR  MORE  ANSWERS  IS/ARE  CORRECT 

1.  Select  the  correct  statement(s): 

(a)  Rate  constants  are  never  negative 

(b)  Partial  orders  are  never  negative 

(c)  Molecularity  and  order  of  reaction  both  are  equal  for  elementary  reactions 

(d)  Order  of  reaction  may  be  change  with  change  in  practical  conditions  (temp,  and  pressure) 
2*  Select  the  correct  statement  (s)  : 

(a)  The  rate  of  reaction  decreases  with  decrease  in  temperature 

(b)  The  rate  of  reaction  is  uniform  in  zero  order  reaction 

(c)  The  rate  of  reaction  depends  upon  the  surface  area  of  the  solid  reactants 

(d)  Average  and  instantaneous  rate  of  reaction  defined  for  micro  and  macro-scopic  time 
interval  respectively 


3.  Select  the  correct  statement(s)  : 

(a)  The  rate  law  of  the  elementary  reaction;  2 A  - >  B  +  C,  must  be  r  =  k[A] 

(b)  The  rate  law  for  the  complex  reaction 

A  +  B  - >  C,  might  not  be  r  =  k[Aj  [B] 

(c)  If  the  partial  orders  differ  from  the  coefficients  in  the  balanced  reaction,  the  reaction  must 
be  complex 

(d)  If  the  partial  orders  are  equal  to  corresponding  coefficients  in  the  balanced  reaction,  the 
reaction  must  be  elementary 

4.  Select  the  correct  statement(s) : 

(a)  Every  substance  that  appears  in  the  rate  law  of  reaction  must  be  a  reactant  or  product  in 
that  reaction 

(b)  If  we  know  the  rate  law  of  a  reaction;  we  can  deduce  it’s  mechanism  must  be 

(c)  If  the  reaction  has  rate  r  =  k[A][B]3/2  then  reaction  may  be  elementary 

(d)  A  zero  order  reaction  must  be  a  complex  reaction 

5.  Select  the  correct  statement(s)  : 

(a)  When  T  ->  oo  or  Ea  -*  0  then  k  =  A 

(b)  A  positive  catalyst  can  change  AH  of  the  reaction 

(c)  A  mixture  of  reactants  may  be  thermodynamically  unstable  but  kinetically  stable 

(d)  A  negative  catalyst  increases  the  activation  energy  of  the  reaction 

6.  Consider  a  reaction  A  +  B  — » C,  in  which  both  reactants  are  in  the  same  phase  may  be 

(a)  unimolecular  elementary  reaction 

(b)  Exothermic 

(c)  Heterogeneous 

(d)  Photochemical 

7.  In  the  following  gaseous  phase  first  order  reaction 

A(g) - »2B(g)  +  C(g) 

initial  pressure  was  found  to  be  400  mm  of  Hg  and  it  changed  to  1000  mm  of  Hg  after  20  min. 
Then 

(a)  Half  life  for  A  is  10  min 

(b)  Rate  constant  is  0.0693  min-1 

(c)  Partial  pressure  of  C  at  30  min  is  350  mm  of  Hg 

(d)  Total  pressure  after  30  min  is  1150  mm  of  Hg 

8.  Identify  the  true  statement(s) 

(a)  A  catalyst  is  chemically  unchanged  at  the  end  of  a  reaction 

(b)  A  catalyst  may  appear  in  the  kinetic  rate  equation  of  the  reaction 

(c)  A  catalyst  will  not  affect  the  composition  of  an  equilibrium  mixture 

(d)  A  catalyst  cannot  cause  a  non-spontaneous  (AG  >  0)  reaction  to  proceed 

9.  For  the  reaction  A^'^.'B  following  graph  is  given, 

k2sec 

kj  =  4x  10“2  sec-1.  Which  is/are  correct  statement  (s)  (In  2  =  0.7,  In  8/7=0.14} 


PROBLEMS  IN  CHEMISTRY 


|  time  (in  sec)  - ► 

(a)  Equilibrium  constant  is  4.0 

Cb)  Time  taken  for  the  completion  of  50%  of  equilibrium  cone,  of  B  is  14  sec. 

(c)  Time  taken  for  the  completion  of  10%  of  initial  cone,  of  A  is  2.8  sec. 

(d)  Rate  constant  of  backward  reaction  is  10“2  sec'1 

10.  Select  the  correct  statement(s)  : 

(a)  a-particles  are  simply  helium  atoms 

(b)  y-rays  travel  with  higher  speed  as  compare  to  a-particle  and  have  higher  ionization  power 

as  compare  to  (3-particle  r  . 

(c)  A  loss  of  (3-particles  results  in  the  production  of  isobars 

(d)  (3-particles  are  considered  as  the  best  bombarding  particles 

11.  Select  the  correct  statement(s)  : 


(a)  In  the  reaction  92U23S  +  0nl  - ►  56Ba140  +  2  0n'  +  x,  produced  x  is  36Kr94 

(b)  In  the  reaction  nNa  3  +  z  - ►  i2^S23  +  onl>  tbe  bombarding  particle  z  is  deuteron 

(c)  Very  large  amount  of  energy  is  produced  during  nuclear  fission  and  nuclear  fussion 

(d)  In  a  fission  reaction,  a  loss  in  mass  occurs  releasing  a  vast  amount  a  energy 

12.  Select  the  correct  statement(s): 

(a)  SI  unit  of  radioactivity  is  becquerel  (Bq) 

(b)  1  Ci  =  3.7  x  IQ7  Bq 

(c)  3  Li7  +  jH1  - »  2He4  is  ( P ,  a)  type  reaction 

(d)  The  half-life  of  a  particular  radioactive  isotope  is  a  characteristics  constant  of  that  isotope 

13.  Select  the  correct  statement(s)  : 

(a)  On  bombarding  7  N14  nuclei  with  a-particle,  the  nuclei  of  the  product  formed  after  release 
of  proton  would  be  8017 

(b)  Decay  constant  does  not  depend  upon  temperature 

(c)  Nuclide  and  it’s  decay  product  after  a-emission  are  called  isodiaphers 

(d)  Half-life  of  radium  is  1580  years.  It’s  average  life  will  be  1097.22  years 

14.  In  the  decay  process 

A  B  C  D 

(a)  A  and  B  are  isobars 
Cb)  A  and  D  are  isotopes 
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(c)  B,  C  and  D  are  isobars 

(d)  A  and  C  are  isotones 

15.  In  electron  capture  (radioactive  process) 

(a)  a  neutron  is  formed  (b)  a  proton  is  consumed 

(c)  y-ray  emission  takes  place  (d)  X-ray  emission  takes  place 

16.  Select  the  correct  statement  (s)  for  position  emission  by  unstable  nucleus: 

(a)  X-ray  emission  takes  place  (b)  A  neutron  is  formed 

(c)  —  of  daughter  nucleus  increases  (d)  A  neutron  is  consumed 

P 

17.  Select  the  correct  statement  (s) 

(a)  Mass  number  remains  constant  when  positron  emission  takes  place 

(b)  One  neutron  converts  into  proton  in  (3  (_°  e)  emission  process 

(c)  Activity  of  a  radioactive  substance  double  when  temp,  increases  from  300  K  to  310  K 

(d)  Isodiaphers  formed  when  one  alpha  particle  emitted  and  isotopes  formed  when  2  beta 
particles  emitted 
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fAATCH  THE  COLUMN 


Column-I  and  Column-11  contains  four  entries  each.  Entries  of  Column-]  are  to  be  matched  with 
some  entries  of  Column-II.  One  or  more  than  one  entries  of  Column-I  may  have  the  matching  with 
the  same  entries  of  Column-II. 


Column-I 

Column-II 

(A)  Unit  of  k  is  always  equals  to 

(P)  1/time 

(B)  Unit  of  k  in  zero  order 

(Q)  M/time 

(C)  Unit  of  k  in  first  order 

(R)  Time-1  M  ' 

(D)  Unit  of  k  in  second  order 

(S)  Unit  of  A  (pre-exponential  factor) 

Column-I 

(A)  Molecularity  of  a  reaction 

(B)  Order  or  reaction 

(C)  The  dissociation  of  H202  (aq)  is 

hv 


(D)  H2(g)+Cl2(g) 


2HC1  is 


3-  *  Column-I  (Curve) 

(A)  C  Vis  t  (abscissa)  for  zero  order 

(B)  log  C  Vs  t  (abscissa)  for  first  order 

(f) 


(C) 
<D)  In 


(£) 


Vs  C  for  zero  order 
Vs  In  C  for  first  order 


4. 


Column-I 

Linear  plots  (with  non  zero  slope) 

Pf]' 


(A)  In 


vs.  In  [A) 


(B)  loge  k  vs.  - 

T 

(C)  logt1/2  vs.  log  [A]0 

(D)  vs.  [A]2 

dt 


Column-II 

(P)  0,  1  Possible 

(Q)  1,  2  Possible 

(R)  First  order  reaction 

(S)  Zero  order  reaction 


Column-II  (Curve) 


(P)  unity 

(Q)  zero 

(R)  -k 

L. 

(S)  -- 
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Column-II 

(Order) 


(P)  2 

CR)  0 

(S)  l 


W]=  Reactant  concentration  at  time  *t' 
k  =  rate  constant 
T  =  Absolute  temperature 


5.  Column-I 

(A)  log[B]  vs  t 


(B)  [A]  vs  t 


(C)  _  vs  t 
[A] 


(D)  In  k  vs  i 


6. ,  Column-I 

(A)  Isotones 

(B)  Isobars 

(C)  Isotopes 

(D)  Isodiaphers 

r -  -  "  “ 

7. '  Column-I 

(A)  a-emission 

(B)  (Remission 

(C)  y-etnission 

(D)  p+  (Positron)  emission 


CQ) 


no 


(S) 


T  Column-II 

(P)  19Pa234  and  90Th234 

(Q)  6C12  and  6C14 

.  i9K39  and  9F19 

(S)  i8Ar39  and  19K40 

’  '  Column-II 

(P)  Change  in  mass  no. 

(Q)  No  change  in  atomic  no.  and  mass  no. 

(R)  Atomic  no.  decreases 

(S)  Atomic  no.  increases 


Each  question  contains  SjATEMENt-1  (Assertion).  and  STATEMENT-2  (Reason).  ' 

Examine  the  statements  Caffefully  and  mark  &e  correct  answer  according, -to  the  instructions 
given  below:  'ti  ,<  ’  V*;-, 

(A)  If  both  the  statements  are  TRUE  and  STATEMENT-2  is  the  correct  explanation  of 

STATEMENT-1  "  -f  .**?•'. .  .  • 

(B)  If  both  the  statements  are  TRUE  but  STATEMENT-2  is  NOT  the  correct  explanation  of 
STATEMENT-! 

(C)  If  STATEMENT- 1  is  TRUE  and  sfATEMENT-2  is  FALSE  ; 

(D)  If  STATEMENT-1  is  FALSE;and  STATEMENT-2  is  TRUE 

1.  STATEMENT-1  :•*  •Mpldinilaiity'has  n6  meantog\.for;.a  complex  reaction 
STATEMENT-2  :  Mhlecularity  defined  only  for  RDS 

2.  STATEMENT- 1  :  An  elementary^ "reaction  xannot  have  fractional  order. 

STATEMENT-2  i  Stoichiometric  coefficients  .in  an 'eiemeiitaiy  reaction  can  be  fractional. 

3.  STATEMENT- 1  Cohcefitratjori  of  reactant  in  zero  order  reaction  is  constant. 
STATEMENT-2  'i  For  order  reaction  *  A  — k  B,  successive  half  life  of  reaction 

decreaj^S  with  the  progress  of  the  reaction. 

4.  STATEMENT-1:;  Aci^ckalysedvhydrolysis  of  esters  is.  pseudo  first  order  reaction, 
STATEMENT-2  :  Water  ;is  present  in  excess  in  given  reaction. 

5.  STATEMENT- 1  :  rTiie|'<3fder  of  reaction  can  have  fractional  value. 

STATEMENT-2  :  For  %ti  elementary  reaction,  flit  partial  orders  are  determined  by  the 
reaction  stoichiometry. ;  .. 

6.  STATEMENT- 1  :  Catalyst  Can  increase  that  rate  constant  to  a1  large  extent.  ' 
STATEMENT-2  : ,  Ry  using  suitable  catalyst,  we  can  significantly*  increase  yield. 

7.  STATEMENT-1 :  For  each  lO°C;rise  of  temperature  the  k  is  nearly  double. 

STATEMENT-2  :  Energy  wise -distribution  of  molecules  in  a  gas  sample  is  aii  exponential 

-  fiiqdipn  of  temperature  so  is’doubled.  . 

8.  STATEMENT-!  :  product  can  form  only  when  the  required  orientation  and  energy 

.  ,./;-^^'co|iiti(ms  aremet.  -  ,  -•  -  .  '  ;!•  ;  ‘ 

STATEMENT-2  :;.  A11  coTlisions  between  reactants  yield  the  desired  product. 

9.  STATEMENT- 1 :  The'^ot  of  £  versus  1/T  is  linear. 

STATEMENT-2 ;  k  =  ■£?-*<- ,  ’•  “ 

10,. ,  STATfiMENT-1 ':  Fonexpthermic  reaction  equilibrium  constant  decreases  with  increase  in 

temperature. 

STATEMENT-2:  For  exothermic  reaction  rate  constant  decreases  with  decrease  in 
_  temperature. 

11--,  STATEMENT-1 :  If  the  activation  energy  of  reaction  is  zero,  temperature  will  have  no  effect 

on  the  rate  constant., 

STATEMENT-2:  Lower  the  activation  energy  fasten  is  the  reaction. 

12.  STATEMENT-1:  Active  complex  is  an  intermediate  product. 

STATEMENT-2  :  Active  complex  is  unstable  with  high  vibrational  energy. 


13.  STATEMENT-1  :  The  pre-exponential  factor  A  has  the  same  units  for  all  reactions. 

STATEMENT-2  :  e-£<,/fiT  has  no  unit. 

14.  STATEMENT-1 :  y-rays  have  very  high  penetrating  power. 

STATEMENT-2  :  y-rays  are  electromagnetic  radiations  of  high  energy. 

15.  STATEMENT-1  :  Nuclide  13Al30  is  less  stable  than  2oCa4°- 

STATEMENT-2  :  Nuclide  having  odd  number  of  protons  and  neutrons  are  generally 

unstable. 

16.  STATEMENT-1 :  Disintegration  of  jH3  (tritium)  is  accompanied  by  p-emission. 
STATEMENT-2  :  Tritium  has  high  n/p  ratio. 

17.  STATEMENT-1  s  The  life  of  radioactive  object  (organic  origin)  can  found  with  the  help  of, 

carbon  dating. 

STATEMENT-2  :  6C14  is  a  a  and  p-emitter. 

18.  STATEMENT-1  :  Neutrons  are  the  best  bombarding  particles. 

STATEMENT-2  :  Neutrons  are  neutral  particles. 

19.  STATEMENT-1 :  Nucleus  does  not  contain  free  electrons,  yet  it  emit  beta-particles 

STATEMENT-2  :  At  high  n/p  ratio,  one  neutron  supposed  to  give  1  proton  and  1  e"(P). 

20.  STATEMENT-1  :  Rate  of  disintegration  of  thorium  increases  with  the  increase  in  moles  of^ 

thorium. 

STATEMENT-2  :  Rate  of  disintegration  does  not  depend  upon  temperature,  pressure 


J  SUBJECTIVE  PROBLEMS 

1.  The  rate  of  decomposition  of  NH3(g)  at  10  atm  on  platinum  surface  is  zero  order.  What  is  rate  . 
of  formation  (in  M  min-1 )  of  H  2(g ),  if  rate  constant  of  reaction  2NH  Xg  >  N  2  (g  )  +  3H  3  (g  )  is 

2.0 M  min-1  ? 

2.  5A - >  Product 

In  above  reaction,  half-life  period  is  directly  proportional  to  initial  concentration  of  reactant. 
The  initial  rate  of  reaction  is  400 mol  lit-1  min-1. 

Calculate  the  half-life  period  (in  sec)  when  initial  concentration  of  reactant  is  200  mol  lit  71.’ 

3.  In  an  elementaiy  reaction  A(g)  +  2B(g) - >  C(g)  the  initial  pressure  of  A  and  B  are  PA  =  0.40 

atm  and  PB  =  0.60  atm  respectively.  After  time  T,  if  pressure  of  C  is  observed  0.1  atm,  then  find 

r,  (initial  rate  of  reaction) 

the  value  of  — - ; - : - r — — — —  • 

rt  (rate  of  reaction  after  timet) 

4.  The  rate  of  decomposition  of  NH  3  (g )  at  10  atm  on  platinum  surface  is  zero  order.  What  is  rate  ^ 

of  formation  (in  M  min  -1 )  of  H  2  (g)  if  rate  constant  of  reaction  2NH  3  (g ) - >  N2(g)  +  3H2(g)‘' 

is  2.0  M  min-1 

5.  Carbon  monoxide  reacts  with  O  2  to  form  CO  2 :  2CO(g )  +  O  2  (g ) - >  2CO  2  (g ) 

information  on  this  reaction  is  given  in  the  table  below. 


What  is  the  value  for  the  rate  constant  for  the  reaction  in  proper  related  unit  ? 

6.  Half-life  for  the  zero  order  reaction,  A(g)  ->  B(g)  +  C(g)  and  half-life  for  the  first  order  reaction 
X(g)  ->  Y(g)  +  Z(g)  are  equal.  If  completion  time  for  the  zero  order  reaction  is  13.86min,  then 
calculate  the  rate  constant  (in  hr"1 )  for  the  reaction  X(g)  ->  Y(g)  +  Z(g). 

7.  For  any  acid  catalysed  reaction,  A  — — — >B 

Half-life  period  is  independent  of  concentration  of  A  at  given  pH.  At  same  concentration  of  A 
half  -life  time  is  10  min  at  pH  =  2  and  half-life  time  is  100  min  at  pH  =  3.  If  the  rate  law 
expression  of  reaction  is  r  =  fc[A]x[H+F  then  calculate  the  value  of  (x  +  y). 

8.  For  a  reaction,  A  ^  B  equilibrium  constant  is  1.66  and  kfoTviard  =  0.1 66 hr-1. 

Calculate  the  time  (in  hours)  when  concentration  of  B  is  80%  of  its  equilibrium  concentration. 
(Given  :  In  25  =  3.20) 

9.  For  a  reaction  A  ^  B  equilibrium  constant  is  1.66  and  k^vard  =  0.1 66 hr-1 

Calculate  the  time  (in  hours)  when  concentration  of  B  is  80%  of  its  equilibrium  concentration. 
(Given:  In  25=3.20) 

Kyjr3B 

1®*  »8C  ;  at  time  t  =  0  (initial  mole)  of  A  is  1. 

>*3D 

Overall  half  life  of  the  reaction  is  15  days  then  calculate  the  number  of  mole  of  C  after  45  days 
in  terms  of  102  if  the  ratio  of  fc, :  Jc2 :  k3  is  2  :  2  :  3 

11.  Iodine-131  is  a  radioactive  isotope.  If  LOmg  of  131 1  has  an  activity  of  4.6  x  1012Bq.  What  is  the 
half  -life  of  131 1  (in  days)  ? 

12.  The  average  life  of  a  radioactive  element  is  7.2min.  Calculate  the  time  interval  (in  min.) 
between  the  stages  of  33.33%  and  6666%  decay 

13.  A,  B  and  C  are  isodiaphers  while  C,D  and  E  are  isobars.  Calculate  the  difference  of  protons 

between  A  and  E  A - ►  B - >C - >  D - *  E 

Given  :  Isodiaphers  and  isobars  are  formed  in  successive  a  and  (3-emission  respectively. 

14.  In  the  given  radioactive  disintegration  series 

902Th - >2°8Pb 

Calculate  value  of  (n  +  2) 

Where  value  of  n  is  number  of  isobars  formed  in  this  series,  suppose  there  is  successive 
emission  of  P-particles. 

15.  In  the  given  radioactive  disintegration  series 


Calculate  difference  between  number  of  a  and  number  of  p  particles  emitted  in  this  series. 
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PROBLEMS  IN  CHEMISTRY 


Passage-1 

1.  (b) 

2, 

(b) 

(a)W(c, 

Passage-2 

1.  (0 

2. 

(b) 

(b)  |||  | 

Passage-3 

1.  (c) 

2.: 

(c) 

sH 

mm 

Passage-4 

1.  (c) 

2. 

(a) 

'■,'h 

:•  -V: 

Passage-5 

1.  (b) 

2. 

(b) 

M 

One  or  More  Answers  is/are  Correct 


1.  (a,c,d)  2. 

(a,b,c) 

3.  (a,b,c) 

4.  (d) 

S.  (a,c,d) 

6.  (btc,d) 

7.  (a,b,c,d) 

8.  (a,b.c,d) 

9.  {a,b,c(d)  10. 

17.  (a,b) 

(0 

11.  (a,ctd) 

12.  (a,c,d) 

13.  (a,b,c) 

14.  (b,c) 

15.  (a,b) 

16.  (c,d) 

Match  the  Column 

1. 

A— >S; 

B— ►  Q; 

C->P; 

D  —>  R 

2. 

A  — ►  Q; 

B— ►  P,  Q; 

C-»  R; 

D  ->  S 

3. 

A  — >  R; 

S;. 

C-»Q; 

D  — >  P 

4* 

A  -►  P,  Q, 

S;  B— »  P,  Q,  R,  S; 

C-»P, 

Q,  R;  D  -►  P 

5. 

A->  P; 

B->R; 

C  — ►  Q; 

D->S 

6. 

A  S; 

B->  P; 

C  ->  Q; 

D  R 

7. 

A  ->  P,  R; 

B ^  S' 

C  ->  Q; 

D  R 

Assertion-Reason 

Type  Questions 

1.  (C) 

2.  (C) 

3.  (D)  4.  (A) 

5.  (B) 

6.  (C)  7.  (A)  8.  (C) 

9.  (D) 

10.  (B) 

11.  (8) 

12.  (0) 

13.  (D)  14.  (A) 

15.  (B) 

16.  (A)  t7.  (C)  18.  (A) 

19.  (A) 

20.  (B) 

Subjective  Problems 


Hints  and  Solutions 


Level  1  _  _  _ _ 

4.  (d)  Rate  of  reaction 

1  d[>4]  d[B]  1  d[C] 

2  dt  dt  3  dt 

or  -  m Ai3 

2  13 

^  =  fc2=^ 

2  2  3 

„  ,,  kf  Cone,  of  products  as  per  rate  law 

7  •  (QJ  /(*>,  —  "  r  j 

^  Cone,  of  reactants  as  per  rate  law 

stoichiometry  of  reaction  is  required. 

8.  (c)  at  1400  =  — =  2.63  x10s; K  at 
1.1  xlO-6  ^ 

1500  -  9.28  x  104;  Value  of  K ^ .  is  reduces 

with  rise  in  temperature  so  reaction  is 
exothermic. 

11*  (c)  x  =  kt 

d  0.5  . 

^completion  —  ^  —  q  ^  ^  min 

20.  (a)  t1/2  =  =  k'.  a;  log  (t1/2)  =  log  k'  +  log  a 


„„  n  P  dC  _1  dn  _  1  dP 

23‘  ^  V  RT  dt  V  dt  RT  dt 

28.  (c)  Order  w.r.t.  A  =  1;  order  w.r.t.  B  =  1 

r.O.r.  =I^>  =  fcr[A][B]; 

2  dt 

i  x  (2.5  x  10-4)  =  kr  (0.1X0.1) 
fcr=  1.25x1  O'2 

29.  (b)Rate  of  appearance  of  AB(g), 

kb  =  2.5  xlO'2 

31.  (d)For  elementary  reaction  molecularity  of 
reaction  =  order  of  reaction. 


39.  (a)  CH3COOC  2Hs(aq)  +  H2O(0 

CHjCOOH(aq)  +  C2HsOH(aq) 
_  C^na  )H2SQ4  _  r  o.R.  in  presence  of 

(fenet)HCl 

H2S04  >  R.O.R.  in  presence  of  HC1 

40.  (c)  r,  =  k [  A] 2  [BJ ;  r2  =  k  [  2A]2  [  2B]  =  8  r, 

41.  (c)  [A],  =  [A]  -  let  =  1  -  0.001  x  10  x  60 

'  =  0.4  M 

[B]t  =  0.001  x  10  x  60  =  0.6  M 

42.  (d)  1 100%  =  y-=  — -r  min  =  100  sec. 

K  U.O 

43.  (c)x  =  fct  so  ri/2=^  anc*  T~f’ 

t,,,  - - - - =  500  secandT  =  1000  sec 

1/2  2x0.001 

45.  (c)  x  =  0.1  -0.08  =  0.02M; 

fc=£=2^2  =  2xl0’3M  min'1 
t  10 


2K  2x2x10' 


=  25  min 


50.  (b) 


tcompierton=2xt1/2  =  50  min; 


2.303  x  1  =  2.303  log 

L  C  A 


34.  (a) 


1  ["  2rM  - 1 1 
*1/2  =T - IT T  - TJ- 


rate  after  1  min  r,  =  fc  CA 
=>  2.303x0.1  =>  0.2303  M  min'1 
51.  (d)  Reaction  is  second  order;  k  =  10~*  L/mol. 


.i^l  =  JcfAl2 


'  =10‘4x3x(0.5)2 


=  7.5x10  5M  min’1 
7.5  xlO-5 

= - =  1.25  x 

60 


1.25  xlO^Ms”1 


co  (  \  i  2.303 .  f  a 
52.  (c)  k  = - log  - 

t  ya- x 

,  2.303 .  ( 100' 

32  5  1  . 


55.  (d)  kj  = 
k-n 


2.303x16,  fl00^  . 

t  -  — — — log  -  -  48  mm 

2.303  l  0.1  J 


2 xtl/2  tl/2 


k„^x30,0,t 


kn  30x1 


57.  (d) A  - — >3B;  PT=P0  +  2x 

After  time  P0  -x  3x 


.  PT  ~po 


fc=iii 

t 


After  long  time  O  3 P0 


-3-k=h 


_3 _ 

3  Pt  -P, 

6 


P  =  **p_  r  -  jjV  ^00  ^  lri  ^=°  /  ^ 

•  0  *“  6 


2  2 


58.  (a)fc  =  ^^  =  0.33hr1 

2.1 


Let  t  be  the  time  for  90%  decomposition, 
so  a  =  100%  x  =  90  or  (a  -  x)  - 10 

7  2.303,  fa'] 

k—r 108 

„  2.303  .  f  100' \ 

=  '"£53  Mlo)  “6'978hr 

.  6.2 

nNH4N03  taken  -  —  =>0.1; 

as  per  given  no.  of  moles  of  N20  produced 


100 

Vol.  of  N20  produced  at  STP 

=  0.09  x  22.4  =  2.016  L 

60.  (c) 


k^^~\0g  —J;  (CH3)2  N2  ^ 

t  =  0  200  ;  t  200  -  x 

as  per  given  200  +  x  =  350 

,  2.303 .  (  200 

k - - log  — - - - 

t  1^200-150 

k  =  5.77  x  10“4  sec”1 


CA  +  Na 


x  =  150 


61.  (c)  k  =  L  In  f  — — ^ 
t  [r^-n 


:hn  to 

t  r, -t„ 


,  1  ,  44+11 

k  =  —  In  - 

70  1 16.5+11 


k  -  —  when  solution  is  optically  inactive 


f/°  ] 

't  -  u 

.-.  k  =  -  In  1 

fr-r 

fO  'oo 

t  \ 

r 

o 

i 

In  2  1,  44  +  11 

— —  =  -  In  - 

70  t  l  11 


0.7  1  ,  ,  . 

— —  =  —  xl.6;  t  =160  mm 
70  t 


63.  ( c)kt  = 

ktnc 


n-lL^1  A-1 


n-H  Ao"'1 

1  8"-1  " 
%-i[a0^ 

s'1-1  -1 


64.  (a)  kt '  =  In  —  ;  k  x  60  =  In  — 
at  75 

i  1,  80 

=>  k  -  —  In  — 

60  75 

fcx5x60  =  ln  —  ;  300  x  —  . 

r.  60 


,  80  ,  80  .  80  „„ 

In  —  =  In —  ;  In  —  =  0.32 

75  r.  r. 


rt  =  58 

optical  rotation  observed  after  5  hrs 
“  58  -f  2  -  60 

66‘  (c)\it~=kl  CA’  §-=2*iC* 

2  x  2  x  10'3  x  2  =  8  xlO-3  M  s'! 


67.  (b)  P.E. 


(reaction  coordinate) 

R.C. 

Ee  is  always  greater  than  AH 

70.  (c)  First  step  is  slow  (require  large  activation 

energy)  second  step  is  fast  (less  activation 
energy)  and  overall  reaction  exothermic,  so 
product  energy  level  should  be  less  as 
compare  to  reactants. 

71.  (d)Slow  step  require  larger  activation  energy 

and  product  level  is  always  more  than 
reactant  energy  level  in  endothermic 
reaction. 

75.  (d)  k  =  ;  E  =  |  [£„,  +  E„2  -  Ea3] 

=>  -1180+  80  -  SO]  =  140  kJ/mol 
3 

76.  (c)  Ait**  /RT  =  ^2c'£°j/KT 

A  2  )/W 


10  =  Exp 


In  10  =  - 


f 600^  _  _ 

Ur  / 


=  2  cal/K-mol 


T  s=— —  1C 
2303 

oo  ™  L-  0  693  v  -  °‘693 

82.  (DJ  K1(300)  -  — *2(320)  “  ~ 


^2(320)  Et 


'.r,  t2 


2.303  RTtT2  k2 

cr2  ~r1}  8k, 


2.303x8.314 
20x1000 
=  55.14  kJ/mol 


x  300  x  320  log  4 


87.  (c)  kj  =  Ae 


a;  k2=Ae 


75  - 

r  *soo. 


kj  [  8.314  x  1000  j 

fci  _eXP[  8.314  x  500  J 
=>  exp  (2)  ==>  7.38 

104.  (d)  Isotones  have  same  no.  of  neutron; 

17  -  9  =  B  -  8 
B  =16 

Isobars  have  same  mass  no. 

A  -  J3  =  16 

no.  of  neutrons  16  -  8  =  8 
113.  (d)  92U23S  +  onl  - >  S4^139  +  38S1*194  +  V1 

116.  (c)£total  =  200^22 


=  100  x  242  =  24200  MeV 


122.  Cc)  A  -  XN 


6.023  x  3.7  x  1010  =  3.7  x  104JV; 


N  =  6.023  x  10  atoms 
1  mole  or  6.023  xl023atoms  =  100  g  of  X 


6.023  x  10  atoms 


6.023  xlO2 


x  6.023  x  106  =  10"15  g 


124.  (d)  Four  half-lives  (Total  time  =  n  x  half-life  so, 

n  -  4),  hence  0.0625 

125.  (d)  X  =  =  10"2  min-1; 

dN 


■  =  10  2  min-1; 


N=-J^  =  -^-  =  10,000 


l  ¥  —  —  —  -i  ‘ —  ^  v.  vvv 

X  10‘2 

129.  (b)  Equal  fraction  decay  in  equal  periods  of 
time,  fraction  of  sample  remaining  after 
3  days  =>  (0.9)3  =  0.729 

131.  (d)  ^»=^a  =  8; 


-H*) 

17313.6  year 


5770  .  . 

=>  t  = - In  8 

0.693 


.  (d)  t  for  20%  left 

_  2.303,  1 

=>  t  j  = - log - 

X  1-0.8 


t  for  50%  left 


,  -In  2 
A  =  - =  0.43 

-In  5 
X 

t2  =  0.43  tj 

l-(c)t  =  77T^-ln-  =  -^xln—  ; 

0.693  r  0.693  30 

5770 

t  =  0693  X  2  *  °' 693  =  1 1’ 540  yearS 

.(c)  19  K  - ►  2oCa  +  2:e 

At  present  25x10"*  7.5  xlO-6  mole 
mole  of  consumed  =  7.5  xlO-6  mole 

initial  mole  of  40K  was  (  7.5+25)  xlO"6 
mole 

t=I  =  lM2!xln(4)  = 

X  1^25x10-^  In  2  1  J 

1.3xl09  x2  =  2.6  xlO9  yr 

.  (b)  Total  time  =  nt1/2;  n  =  5;  ig?rial  activity 
V  2" 

Initial  activity  =  0.01  x  25  =  0.32  pCf 


It  -  In 


,2^?x200  =  ]nf^ 


-  tj/2  =  100  min. 

,  1  .  f  100  ' 

X  =  —  In  - 

10  100-25, 


X  l  N 


10  f  4  xlO2 

~7  In~  xln  - 


143.  (d)  W0  =  initial  wt.;  W  =>  wt.  after  20  days 


_  Z303  j  | 
t  6  W. 


,  2.303  .  ( WB  ) 

XB  =0.6237 

0.693  ..  , 

(tl/A=^237  =  1-Uday 


144.  (c)  Given  (n0)B  =  8  x  (n0)„;  (n)A  =  2  x  (n)B 

V.-^  =  2^03,„JCWAvCN£)1 


145.  (b) 


:iog 


r  > -[gj 

0.693  0.693 

50  10 

-  50  min 
dN 

i  as  per  given  — -  =  a  -  X  N  for  max.  no.  of 
at 

nuclei; 

dN  a 

—  =  0;  a=lJV;  N  - 
dt  x 


146.  (c) 


Atoms  of  Sr 


=  0.05 


Atoms  of  Rb 
Atoms  of  (Sr+  Rb)  _  ^ 
atoms  of  Rb 

Initial  no.  of  atoms  of  Rb 

Present  no.  of  atoms  of  Rb 

,  2.303 .  ,  ,  . 

t  =  — —  log  (no/n) 


=  1.05 


147.  (a) 


Z.OUO  1 A 

=  0^93  X  4,7  xl°  l°g  (105) 

=  3.28  xlO9  year 
Xa^a  =  XBNB 

(v  rate  of  disintegration  are  same) 


t  =  48.19 

^1/2  =  4*  ti/2=rin2 

so  4 -Tin  2;  t  =4tln2 
4 


148.  (b) 


N  -  Nq.  e  Xt;  where  N  =  Parent  remaining 
(P) 

and  N  Q-  Initial  parent  =  Parent  remaining 
(p)  4-  daughter  formed  (d) 


p  =  (p  +  d).  e  kt  or  In  ^  =  X  t 
P 


t  =iln 
X 


1  +  * 


149, 


.  *  »  «  0.693  ,  Xi  2 

(b)  k -  Xl  +  I2;  X  =  __  and  —  =  — 


22 


98 


Xl  =  0.00063  year-1;  X2  =  0.03087  year  1 


150.  (b)  84 Po 


218 


82 


Pb219  +  ,He4 


83 


Bi 

Pb214  to  reach  max.  no.  of  nuclei 
1  .  Xl 

^max.  —  r>  «  11  1 

—  A2  A-2 
=  247.5  sec 

,  ,  0.693  _  0.693 

where  X1  =  — _  ;  X2  =- 


214 


-lc 


183 


161 


Level  2 

l.  (d) 


k 

k 

10 


6(1  kb  [C2H6] 


[CH3]  =  =  10-5  M 


10 


1.57  xlO 


,-3 


(10-5)' 


l-5-,2 


..(ii) 
•  (iii) 


=>  fcj,  =  1.57  xlO7  L mol-1  s’1 
(c)  ra  =  fc[0.01]a[0.01]1’  =  6.93  xlO"6 
r2  =  fc[0.02]a  [0.01]b  =  1.386  x  10“5 
r3  =  k[OO.Z|a  [0.02]'’  =  1.386  x  10“5 
From  data  a  =  1;  b  =  0; 
overall  order  =  1  ;k  -  6.93  x  10~4  sec-1 

6.93  x  10"1  =  — - —  In  — ;  0.693  =  In  — 
50x60  At  At 

^=>  —  0.0625 

rate  of  reaction  =  6.93  x  10^  x  0.0625 

=  4.33  x  10"5  Ms1 


4*  (c)  ^ 


r2  Pa2‘  Pb2  _  01  x  (0‘4)2 


Bi 


.  6.  (c) 


ti  = 


rA 
25 

_  (tl/2\ 


In 


0.693 

t  (fv2hln 

2  0.693 


0.4  xr 


(1  -  (1/  4) ) 
1 


1-3/4) 


tj_=  8  In  (4/3) 


£  b 


In  (4) 


7.  (b) 


_  8  x  0.125 
0.602 

A  +  B- 


=:  1  :  602 
— ►  C  +  D 


t  =  o  1 
t  l-x 


l 

1  -X 


r  =  /c[A]1/2[B]1/2 
=»  ^-Ikd-x^d-*^2 

dt 

or  ^  =  fcfl  -  x) 
dt 

=>  t  =  i  In  I 

k  [l- 

2.303  .  (  1 

2.303  x  10-2  1 0.1. 

=  100  sec 

8.  (c) 

(a)  False  because  (t1/2)j  *  (t  /1/2\ 

(b)  False  if  [C]  =  [A]  then  at  that  time  [B]  <  [D] 


(c)  True  t10o%=  t  (for  zero  order) 
k 

(fioo%)i  ai  fcn  _  0-5  >c  V3 


ft ioo%)  an  1  1 /  V3 


3 

2 


(d)  [  A]t  =  [A]0  -  k|t  or[A]t  =  Q.5--j=t 

[C]t=[C]0-fc„t°r[C]t=l-V3t 

if[A]=[C]f 

i.  e.  0.5 — i=t  =  1  -  V3t  or  (V3-i)t  =  0.5 
V3  V3 

■  s  . 

t  =  —  mm. 

4 


9.  (a) 


0.693 


0.693 


_  2.772 xlO'3 
=  250  sec 

Since  volume  is  changing  therefore  half-life 
should  be  defined  on  the  basis  of  moles,  so 
moles  of  A  remaining  after  250  sec.  Also 
final  volume  of  the  container 


Vf=—  = 

Hf 


0.05+0.15 

0.1  • 


x  2 


=  4  litre 


384 


10.  (c) 


/.  Final  concentration  of  A  -  — 1 — 

4 

=  0.0125  M 

l  A  - >  2 B  +  C 

t  =  o  />  0  o 

t  P(-x  2x  x 

t-»  co  0  2P-  P- 

Pm  =3Pf  orP^^jP.  -f  2x=P, 


As  we  know  k  =  — — 3  log  P‘ 

t  [P;  ~  X 


2.303 .  ( 

loH: 


i  \3ir„.-P,» 

II.  (d)  Let  n  is  the  moles  of  reagent  ‘B’  when  R  is 
reacted  with  A  at  time  t  =  0 

A  - >  B  +  C 

r  =  0  n  oo 

at  t  n-x  2x  3xr 

atf-voo  0  2n  3n 

c  n2 

5  n  =  n7  =>  n  =  — 


.  n,  -  n 

n  +  4x  =  Hi  =>  x  =  — - 


,  2.303 1  f  n 

k  =  _— log - 

t  l^n  -  x 

so  k=i|nf — — — 1 

f  l^5(n2-n,)J 


12.  (b) 


A(g)  - ►  2 B(g)  +  C(g) 


Let  initial  pressure  P0  0  C 

After  10  min.  (P0  -x)  2r  j 

After  long  time  (f  oo)  0  2P0  / 

as  per  given  (P0  -  x)  +  2x  +  x  +  vapour 
pressure  of  H20  =  188 

P0  +  2x  =  160  and  3P0  +  28  =  388 
so,  P0  =  120  and  x  =  20  torr 


k=iln 


P0  -x 


1  1 

M> ln  UooJ  "To  *<l”  4  *  ,n  3" 10> 


-11-34 

-11-19 


=  1.35  x  10~2  min'1. 

when  solution  is  optically  inactive  rt  =  0; 
t  =  i  ln  =  103.7  min 


14.  (c)  Overall  rate  constant 

=  k=ky+k2  +  k3=  6.93  x  10"3 
0-693 

fi/2  = - x  =  100  sec; 

1/2  6.93  xlO'3 

After  half-life,  PB  +  Pc  +  PD  =  4  atm 
PB  _  kt  _  200 


15.  (d)  A 


Pb  +  Pc  +  Pd.-  kt  +  k2  +  k3  693 

■D  A  200 

Pa  =  4  X - 

B  693 

/'  =1.154  atm 

k-i  k  n 

A  1  .  on  .  a  * 


2B ;  A  - 

2x  a^-x-y 


Oo-x-y  2x  Oq-  x  -  y  y 

at  [C]  k2  y 

_  kj  x 

*2  y 

kj  =k2  =  x  =  y 
(k,  +  k2)t=ln^ 

A 

2  X  6.93  X 10'3  X  50  =  In  ^ 

A, 


=  M](=^  =  ao-x-y=V 2  (v  x  =  y) 

x  =  Oq/4.  Total  moles  in  container 
a0-x-y  +  2x  +  y  +  x  =1.25^ 

%  increase  in  molest  25,  So  final  pressure 
=  2  xl.25  =2.5  atm 

16.  (d)  1  mole  of  A  will  form  2  moles  of  B  and  C 

after  completion  of  reaction  when  75%  A 
converted  into  B  and  C  then  total  no.  of 
moles  =  0.5  +  2  x  1 .5  =  3.5  moles 

kf 

17.  (d)  cis-X  trans-X 

h 


=  0.02  min  1  =  1.2  hr  1 

Initial  a 

ii 

© 

13.  (b) 

k  =  2'303logf'»-rol 
t  r  -r. 

at  time  t  a~x 

X 

\  '«>  't  / 

at  eqm  a-xe 

CHEMICAL  KINETICS  AND  NUCLEAR  CHEMISTRY  I 


1  X 

As  we  know  (kf  +  kh)  -  In  - - — 

J  t  (x*  -  X 


(fc/  +  kb)  =  ~ln2 

or  (3xl(T3  +  3x10‘4)=^|^ 
t  =  210  sec 

£ d  ~  (£g  ac) 

18-  (b)  k  =  A-e~Ea/RT;  Ae  RT‘  =  Ae  jn» 

A.  =  (g«  ~ 16)  =  E„  =  80  kJ/mol 
500  400 

19.  (c)  For  parallel  reaction 

kjEg^  +  ^2^g2 

a  fcj  +  k2 

10~2  x  100  +  4  x  10~2  x!20 
10“2  +  4xl0'2 


20.  (c) 


Ea  =116  kJ/mol 
k  =  A-e-E°*m 

Effective  overall  energy  of  activation 

=  Ea(2)  _  Ea(3)  +  ^£a(l)  “  T.  Ea(S ) 


=  60  -  50  +  —  x  40  -  -  x  10 
2  2 


=  25  kJ/mol 

21.  (d)  Al  ■  e~Eai  /RT  =  A2  •  e~ 


12  _  e(fio2  -  fill  )/Rf 


22.  (b)  In 


2  „  [1200 

102  =  Exp  |— 
1 4.606 J 

fei'_gi  r 1  *1 


2lnl0  =  - 


fci  *  LTi 


E2  I 


k2  «  L^i  T2 

Solving  we  get  (ii)-(i). 


(for  equimolar  formation  of  B  and  C,  k'2  =  k[) 

In  =  f  8314  "l  ~  30°) 

{k2j  U.314j  300  xT2 

,  „  ^2-3001 

In  2  =  (1000)  2  — 

1,300  xT2J 

T2  =  378.74  K 

slow 

24.  (b)  A  +  B  ^  MB;  So  Ealf)  is  high  and  Ea(b)  is 

fast 

low.  kj  «  k2;  So,  Ea  for  this  step  is  very  high 
and  next  step  is  low  and  overall  reaction  is 
exothermic. 

25.  (a)  Activation  energy 


Ei  *Eu 


:  Ev  *  Ev j 


El (/)  *  E1(ij)  a  £2(w  a  Bjyj  a  E3(b) 


1  e4 w  *  e5(/j  ~  Em 


E2(f)  ~  E4 (W  (s1ow  steps  so  larger) 

_£a  _Ei. 

26.  (c)  e  RT  xl00  =  3.8xl0-,6;e  RT  =3.8x10’ 

-  —  =  In  (3.8  x  10~18); 

RT 


27.  (b)  Xt  =  In 


R  =  8.314  and  T  =  300 
Ea  =  100  kJ/mol 
(A*} 


x  90  =  In  —  =  A0  =  A  x  8 
30  A 


•••  N»=t- 

28-  (a)  at  time  X 

no-o 


x  30  =  3.46  X 104  atoms 


y.tto-*  _  1  .„ 


6.93x10* 


10  10years  1 


2.303 ,  [  w0 

t— —  log  - 

X  ^w0  -  x) 

2.303 .  ,D. 

=  ^Io  log(8> 

=  2.079  x  1010  years 

29.  (c)  5lnet  or  X  =  X1  +  2X,2  =  1.8  x  10"3  +  2  x  KT 


Average  life  (Tav)  = 


:  50  sec 


30.  (c)  83Bi^  - >  81T1207  +  2He4;  total 

~  n  x  half-life 

moles  of  substance  left  after  n  halves 

initial  moles  2 

= - Z - =  -J  =  0.125 

2  24 


=  t  =  0.125 


moles  of  He  produced 

=  2-  0.125  -  1.875 
Pressure  developed  due  to 
H  1.875  x  0.0821  x  300 
100 

=  0.4618  atm 

31.  (d)  Let  initial  activities  of  A  and  B  are  A0  and  B0 

(v  after  2  half-lives  of  activity  of  A  will 

remain  — ) 

4 


+ 


8000  and  also  —  +  Bn 


(we  can  assume  that  activity  of  B  remains 
constant  due  to  larger  half-life) 

3  a 

so  —f-  =  4500;  A0  =  6000;  B0  =  2000; 


32.  (a)  No  change  in  activity  of  sample  during 
establishment  of  circulatory  equilibrium. 

Let  volume  of  blood  is  V  mL,  so  total  vol. 
=  (V  +  1)  mL  after  injection  of  sample. 

2  mL  sample  has  activity  of  10  dpm,  so 
-  .  (V  + 1)  mL  sample  has  activity  of 
yx(V+l) 

Since  rate  is  constant  so 
10  . 


x  (V  +  1)  - 1000;  V  =  199  mL 


33.  (c) 


XY  -Xx  =-  In 
y  t 


(Xy  -  X*)t  =  In  |^J;  ( t1/2)y  =  30  min. 

34.  (a)  Corrected  C14  content : 

Let  initial  C14  count  =  A0; 
v40  +  Aq/  10  =  15.4;  i40  =  14 


ppddi  rye  i hi  runuicTov  I 


total  time 


t  -  ~  log  =  5.770  x  103  years;  t  - 
X  7  X 

=  ti/2>  t  =  5770  years 

35.  (a)ForU238;X1t=ln^j; 


For  U235; =  In  ^ 


{^-X2)r=lnpx-rif  ; 


l_0.5xl09  4.5  x 

t  -  4.02xl09  year 


1 _ 1  _ 

xl09J  ~ 


=  In  (140) 


fcftvef-3''C  ; ^  O'. 

Passage-1 

1.  (b  )  For  max.  con.  of  B; 

d[B]  .. „  _  1  .  ki 

dt  ~  ’  ^  k,~k2  k2 

3.  (c)  from  if  k2  »  then  major  portion  of  B 
formed  will  dissociate  and  if  kj  -  k2  then 
relatively  larger  accumulation  of  B  at  the 
max.  concentration. 


Passaged 


;  where  n  =  no.  of  halves; 


=  n  =  4 

Total  time  =  n  x  t1/2 

=  4740  =  4  xt1/2; 

ti/2=H85  years 

*  dN  _  Ar  0.693 

3.  (b)  -——  =  XxN=>  - x  n  x  N, 

dt  tw,  A 


dt  24,000  x  365  x  24  x  60  x  60 

x  1  x  6.02  x  1023  dps  or  14.9  Ci 


Passage-5 

1.  (b)  r  =  R0A1/3 


Volume  of  nudes  (4/3) 

*r3  =-7i(1.5xl0“15)3  Am3 
3 


2.  (b) 


,  .  ,  m  A  x  1.66  x  10  27  kg 

density  d  =  —  = - ,,  , 

V  4/3  jt(1.5  x  10~15)3  A 

=  1.17  xlO17  kg/m3 

) 

d  Mass  12x1.66  x!0~27 

c  “  Volume  (4/3)  x  3.14  x  (3  x  10'15)3 
=  1.76  xlO17  kg/m3 
dH;!o  =  1000  kg/m3 

js-  .  176  10,7  =  1.76  i. 10” 


Subjective  Problems 

4.  2NH3  ->  N2  +  3H2 

dx  1  d[NH3]  _  1  dtNg] 

dt  2  dt  2  dt 

=  110121  =  fc[NH3]° 

W=i  =  3x2=6 


9.  (Kf  +  Kjjt  =  In  - 


{Kf  +  JQt  =  In  =  In  5  =  1.6; 


One  or  More  Answers  is/are  Correct 

9.  (a,b,c,d) 

fc  =  *=M  =  4;fc=4*L  =  ±^ 

Ae  0.4  fc2  *2 


■  k2  =  10~ 


-In^L 


- - — -ln2  =  — ;tnSy  =14  min  ; 

5  x  10-2  2’aSx‘ 


1  .  x.  1  .  1.6 

t01a  - it  xln - —  = — — ^ln  — - 

5xl(T2  5xl0"2  1.6 -0.2 


=  —  In  —  =  20  x  0.14  =  28 
5  14 

15*  (a,  b) 

\P  e°  n  +  X-rays 
17.  (a,b) 

\P  n  ++i  e  (positron)  ;‘Jn  ->}  P  + e  (Beta) 

Activity  =  XN,  Decay  constant  X  does  not 
depend  upon  temperature. 

By  the  emission  of  a -particle,  isodiaphe  4r 
formed. 

By  the  emission  of  p  -particle,  isobars  formed. 


-^  =  K=>Kb  =  0.1t  =6hrs. 

. 

r  i  232-208  . 

14.  Number  of  a-particle  =  a  =  - - - - -  6 

Z  2  —  —  2x  +  y 

(where  x  =  number  of  a  and  y  -  number  of  p) 
82-  90-12+ y 

y  =  4 

Series 

— ^z+i  Q  — ^z+2  R  — 1 ^z+3  s  —i }—yz+4  T 
Total  number  of  isobars  -  5 
n  -  5,  so  n  +  2  =  7 

235-207 

15.  Number  of  a-particle  =  a  = - — ■ — -  -  7 

4 

Z2=Zl-2x  +  y 

(where  x  -  number  of  a  and  y  =  number  of  p) 

82=  92-14  +  y 
y  =  4 

Number  of  a  particle-number  of  p  particle)  =  3 


Electrolytic  Cell 

❖  Electrolysis  :  Chemical  changes  in  electrolyte  solution 
by  passage  of  electric  current,  resulting  into  deposition  of 
metals  or  liberation  of  gases  at  electrodes  is  known  as 
electrolysis. 

<♦  Electrolytic  Cell  :  This  cell  converts  electrical  energy 
into  chemical  energy.  The  entire  assembly  except  that  of 
the  external  battery  is  known  as  the  electrolytic  cell. 

Quantitative  Aspect  of  Electrolysis 

Faraday’s  laws  of  electrolysis  : 

❖  First  law  of  electrolysis  :  Amount  of  substance  deposited  or  liberated  at  an  electrode  is 
directly  proportional  to  amount  of  charge  passed  (utilized)  through  the  solution. 

W  ocQ 

W  =  ZQ  =  Z  xixt 

Current  efficiency  =  Actual  charge  utilised  in  process  x  1(JQ 
Charge  passed  through  battery 

W  =  weight  liberated/deposited,  Q  =  charge  in  coulomb,  i  =  current,  t  =  time 

Z  =  electrochemical  equivalent,  1  Faraday  =  96500  coulomb 

<*  Second  law  of  electrolysis  :  When  same  amount  of  charge  is  passed  through  different 
electrolyte  solutions  connected  in  series  then  weight  of  substances  deposited  or  dissolved  at 
anode  or  cathode  are  in  ratio  of  their  equivalent  weights,  i.  e. ,  Wx  /W2  =  £ ,  /E2 

Wi  _E1 

~w~2~Y2 
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Product  of  Electrolysis 


S.No. 

Electrolyte 

Anode  Product 

Cathode  Product 

a 

NaCl  (Molten)  with  Pt  electrode 

Cl2(g) 

Na(0  : 

NaCl  (aq)  with  Pt  electrode 


Na2S04  (aq)  with  Pt  electrode 


NaN03(aq)  with  Pt  electrode 


5.  I  AgN03 (aq)  with  Pt  electrode 


CuS04  (aq)  with  inert  electrode 


CuS04  (aq)  with  copper  electrode 


Cl2(g) 


o2(g) 


o2(g) 


Cu  dissolve 


Galvanic  Cell 

This  cell  converts  chemical  energy  into  electrical  energy. 


H2(g) 


H2(g) 


H  2(g) 


Cu(s) 


Anode  of  2n  *- 
(-ve  electrode) 


111' 


Bridge  EE®' 
\  :;i  CuSO^ti 


►  Cathode  of  Cu! ' 
(+ve  electrode) 


Cotton  l 

(Anodic  cell)  p|ug  (Cathodic  cell) 

Galvanic  cell  is  made  up  of  two  half  cells  i.e.,  anodic  and  cathodic.  Oxidation  takes  place  at 
anode  and  reduction  at  cathode.  It  is  also  known  as  voltaic  cell.  It  may  be  represented  as  shown  in 
Fig.  Zinc  rod  immersed  in  ZnS04  behaves  as  anode  and  copper  rod  immersed  in  CuS04  behaves  as 
cathode. 


❖  Anode  half  cell  reaction  : 

Zn(s)- 

❖  Cathode  half  cell  reaction  : 

Cu2+  (aq)  +  2e‘ 

❖  Over  all  process  : 

Zn(s)  +  Cu2+(aq)- 


Zn2+  (aq)  +  2e“  (oxidation) 
»  Cu  (s)  (reduction) 

>Cu(s)  +  Zn2+(aq) 


In  galvanic  cell  like  Daniel  cell;  electrons  flow  from  anode  (zinc  rod)  to  the  cathode  (copper 
rod)  through  external  circuit;  zinc  dissolves  as  Zn2+;Cu2+  ion  in  the  cathode  cell  picks  up  two 

electron  and  become  deposited  at  cathode. 

Salt  Bridge 

It  is  U-shaped  tube  contains  saturated  solution  of  inert  electrolyte  like  KCI,  KN03,  NH4C1  and 
NH4N03  etc.  in  agar-agar  gel. 

*  Cation  and  anion  of  inert  electrolyte  have  same  mobility. 

Ions  of  inert  electrolyte  do  not  mix  with  electrolytic  solution  present  in  the  half  cell. 

*  ions  of  inert  electrolyte  do  not  participate  in  electrochemical  change. 


Function  of  Salt  Bridge 

❖  It  complete  the  electrical  circuit. 

*  It  maintained  the  two  half  cell  electrically  neutral  by  the  flow  of  ions. 

Representation  of  a  cell  (IUPAC  conventions)  :  Let  us  illustrate  the  convention  taking 
the  example  of  Daniel  cell. 

(i)  Anodic  half  cell  is  written  on  left,  and  cathodic  half  cell  on  right  hand  side. 
Zn(s)|ZnS04(aq)||CuS04(aq)|Cu(s) 

•  (ii)  Two  half  cells  are  separated  by  double  vertical  lines  and  it  indicate  salt  bridge  or  any  type 
of  porous  partition.  .  ' 

(hi)  EMF  (electromotive  force)  may  be  written  on  the  right  hand  side  of  the  cell. 

(iv)  Single  vertical  lines  indicate  the  phase  separation  between  electrode  and  electrolyte 
solution. 

Zn(s)  |  Zn +2(aq)  ||  Cu +2(aq)  |  Cu(s) 

(-0  (+) 

Anode  Catode 

Ecell  ~E0P[LHS)  H-^rp^ihs)  ;  FceU  =£0P(LHS)  +£RP(RHS)  !  Ecel|  =  Erp(RHS)  “ErPOHS) 

Nernst’s  Equation 


At  298  K  temp. 


P  2.303RT  .  . 

Ecell  —  E  ceu  —  log  Q 

nr 

„  pO  0.0591,  _  , 

^ceii  -£ceU - logQ  ;  where  Q  is  reaction  quotient. 

n 


Cell  Thermodynamics 

(i)  AG  =  — nFEceU 
'.(ii)  AG°  = 

(iii)  Equilibrium  constant  (JC)  ,  log  K  = 


n*E 


cell 


JdE_ 

Ur 


0.0591 


(iv)  Temp,  coefficient  of  cell 

(v)  Enthalpy  of  reaction  inside  the  cell,  AH  =  nFE  +  nFT 

(vi)  Entropy  change  inside  the  cell,  AS  =  nF|  — 

Concentration  Cell 

Anode  and  cathode  both  are  formed  by  same  substance  so  E°ell  =  0,  such  type  of  cell  is  known  as 

concentration  cell.  Concentration  gradient  may  arise  either  in  electrode  material  or  in  electrolyte. 
Thus  there  are  two  types  of  concentration  cell. 

*  Electrode  gas  cone,  cell : 

Pt,H2(g)|H+(C)|H2(g),Pt 

Pi  atm  p2  atm 


EceU  = 


0.0591 ,  Pi 

- log  — 

2  *P2 


2 
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❖  Electrolyte  cone,  cell  ; 

Zn  (s)|ZnSO^  (Cj  )|  |  ZnS04  (C2)|Zn  (s) 


C, 


Different  Type,of  Electrode 


S.No. 

Name  of  Electrode 

Anode 

Cathode 

1 

Hydrogen  electrode 

Pt(s)|H2(g)|H+(aq) 

P  0.0591  ,„„[H+]2 

*OP  _^op  0  1°2  D 

z  *h2 

H+(aq)|H2(g)|Pt  (s)  • 

n  0.0591^  ph2 

Ebp-Erp  2  lo8  [h+]2 

H 

Metal-metal  ion  electrode 

M(s)|M+n(a<j) 

_  „o  0.0591.  r„+„, 

Eop  —  ^op  log  [M  ] 

n 

M+"(aq)|M(s) 

...  0.0591 , _  1 

Erp  ~  Erp  log 

n  [M  ] 

H 

Calomel  electrode 

Hg  (1),  Hg2Cl2(s)  |  Cr(aq) 
£op-£op-  2  los(cr]2 

ClT(aq)  |  Hg2Cl2(s),  Hg(l) 

„  0.0591.  r„,_,  2 

ErP  “  ^RP  “  ^  l°Sl£l  ] 

H 

Redox  electrode 

Pt(s)|Fe+2(aq),  Fe+3(aq) 

p  0.0591 , _ [Fe+3] 

EOP-.EOP-  ,  (pe.2] 

Fe+3(a<j),  Fe+2 (aq)  |  Fe(s)  ^ 

„  0.0591.,_[Fe+2]' 

Erp-Erp  1  log[pe+2] 

5. 

Metal  insoluble  salt  anion 
electrode 

'  V 

Ag(s)|  AgCl(s)  |  Cr(aq) 

„  ,-0  0.0591 , _ 1 

£0P  OP  1  g[cn 

Cl-(aq)  |  AgCl(s)|Ag(s) 

_  c.  0.0S91,  rrl_, 

E  rp  -  E  Rp  ^  log  [Cl  j 

Batteries 

Electrochemical  cells  can  be  used  as  batteries.  Batteries  are  of  two  kinds  : 

❖  Primary  battery  :  Where  the  reaction  occurs  only  once  and  can  not  be  reused  once  it 
becomes  dead  over  the  course  of  time.  For  examples,  dry  cell  (Leclanche  cell),  Mercury  cell. 

❖  Secondary  battery  :  Which  can  be  recharged  by  passing  current  through  it  in  the  opposite 
direction  so  that  it  can  be  used  again.  For  example,  lead-acid  battery,  Nickel-cadmium  cell. 

Fuel  Ceils 

Fuel  cells  are  the  galvanic  cells  that  convert  the  energy  of  combustion  of  fuels  (e.g.,  hydrogen, 
methane,  methanol,  etc.)  directly  into  electrical  energy. 

Fuel  cells  are  more  efficient  thermodynamically,  and  more  of  the  energy  of  the  reaction  can  be 
made  available  for  useful  work  provided  that  the  supply  of  reactants  is  maintained. 

Methanol,  ethanol,  hydrazine,  formaldehyde,  carbon  monoxide  can  be  used  as  fuels  in  fuel  cells 
apart  from  hydrogen. 
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Corrosion 


When  the  metal  exposed  to  some  environment  it  gets  converted  to  its  oxides.  The  oxidative 
deterioration  of  metal  is  known  as  corrosion. 

Example  :  Rusting  of  iron,  tarnishing  of  silver,  development  of  green  coating  on  copper  and 
bronze  etc. 


_ .  Oxidation  Fe (s) - >  Fe2+  (aq)  +  2e~ 

Reduction  02 (g)  +  4H+  (aq)  +  4e ~ - >  2H2O(0 

Atmospheric  oxygen  oxidised  Fe2+ 

2Fe2+  (aq)  +  2H20(I)  +  |o2(g) — ❖  Fe203(s)  +  4H+  (aq) 

Hydrated  feric  oxide  (Fe203  •  xH20(s))  is  known  as  rust. 


❖  Factors  which  enhance  corrosion  : 

(i)  Presence  of  impurities  in  the  metal. 

(ii)  Presence  of  moisture. 

(iii)  Presence  of  electrolyte. 

❖  Prevention  of  corrosion  : 

(i)  Barrier  protection  by  oil/grease  layer,  paints  or  electroplating. 

(ii)  Sacrificial  protection  by  coating  the  metal  with  more  electropositive  metal. 

Conductance 

❖  Conductance  (G):  It  is  defined  as  the  reciprocal  of  the  electrical  resistance  i.e.,  G  -  1/R .  It 
measures  the  ease  with  which  the  current  flows  through  a  conductor. 

Unit  :  Siemen,  S  orQ-1. 

•>  Specific  resistance  or  resistivity  (p) :  The  resistivity  or  specific  resistance  is  defined  as 
the  resistance  in  ohm  of  a  conductor  having  length  equal  to  1  cm  and  area  of  cross-section 
,  equal  to  lcm2. 

Rx^- or  R=pl-  where  p  -  specific  resistance,  l  -  length  of  conductor 
A  A 

A  =  area  of  cross-section  of  the  conductor. 

Unit  :  ohm  cm.  * 

❖  Specific  conductance  or  conductivity  (fc):  It  is  define  as  the  reciprocal  of  specific 
resistance. 

i.e.,  k  =  -  .-.  R  =p—  k=Gx  — 

P  A  A 

k=GxG * 

G  =  —  ,  where  G*  -  cell  constant 
A 

When  1  =  lcm  and  A  =1  cm2;  k-G 

Thus  conductivity  is  the  conductance  of  one  centimeter  cube  or  conductance  of  one  cm 
cube  of  the  solution  of  an  electrolyte. 

Unit  :  Q“1cm^13  Scm”1. 

❖  Molar  conductivity  (Am  ):The  conducting  power  of  all  the  ions  produced  by  dissolving  1 
mole  of  an  electrolyte  in  solution. 


Mathematically,  AM  =kxV 

Am  (S  cm 2  mol-1 )  =  k x  ---  (M  =  molarity) 

M 

Variation  of  conductivity  and  molar  conductivity  with  concentration  : 

For  weak  and  strong  electrolytes 
❖  Conductivity  decreases  with  concentration. 

<♦  Molar  conductivity  increases  with  decrease  in  concentration. 


Kohlrausch’s  Law 

According  to  this  law,  at  infinite  dilution,  when  the  dissociation  is  complete,  each  ion  makes  a 
definite  contribution  towards  molar  conductivity  of  die  electrolyte  irrespective  of  the  nature  of  the 
other  ions  present. 

The  molar  conductivity  of  an  electrolyte  at  infinite  dilution  is  the  sum  of  the  ionic  conductivities 
of  the  cations  and  the  anions  each  multiplied  by  the  number  of  ions  present  in  one  formula  unit  of 

the  electrolyte  e.g.,AxBy.  . 

The  equivalent  conductivity  of  an  electrolyte  at  infinite  dilution  is  the  sum  of  the  equivalent 
conductivities  of  the  cations  and  anions. 

A°m  (AxBy  )  =  xX°M  (A*+)  +  yX°M  (Bx~  ) 

A%,  ( AxBy  )  =  X%  (A'+)  +  X%,  (Bx~  ) 

Application 

(a)  Determination  of  equivalent/molar  conductivities  of  weak  electrolytes  at 
infinite  dilution 

A°M  (CH3COOH)  =  A°m  (CH3COONa)  +  A°M  (HCl)  -  A%  (NaQ)  -  A°M  (NaCl) 

(b)  Determination  of  degree  of  dissociation  (a)  and  equilibrium  constant  (K)  of 
an  electrolyte  at  a  given  dilution 

Molar  conductance  at  concentration  C  _  AM 
Molar  conductance  at  infinite  dilution 
HA  ^  H*  +  A" 

initial  oonc.  C  O  0  . 

Cone  at  equilibrium  C  -  Ca  Ca  Ca 
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(c)  Determination  of  the  solubility  of  a  sparingly  soluble  salt 

Since  the  solution  is  saturated  at  infinite  dilution  A0  =  and  molarity  =  solubility. 

.0  k  x  1000 

* "  - 

molarity 

Solubility  (S)  =  -  *  1000 

^Af 

For  sparingly  soluble  salt  AxBy :  Solubility  product  Ksp  =  xxyy  ■  Sx+y 

Conductometric  Titration 

Titration  in  which  end  point  can  be  determined  by  measuring  conductance  at  each  addition  of 
the  titre  solution  (for  burette)  is  called  conductometric  titration. 

Titration  of  HCl(aq)  with  NaOH(aq)  (Strong  base  Vs  Strong  acid) 

HC1  (aq)  +  NaOH  (aq) - >  NaCl  (aq)  +  H20  (0 


Titration  of  CH3COOH(aq)  with  NaOH(aq)  (Weak  acid  Vs  Strong  base) 

CH3COOH  (aq)  +  NaOH  (aq) - >  CH3COONa  +  H20  (0 


ELECTROCHEMISTRY 


1.  A  cel!  reaction  would  be  spontaneous  if  the  cell  potential  and  A rG  are  respectively  : 

(a)  positive  and  negative  (b)  negative,  negative 

(c)  zero,  zero  (d)  positive,  zero 

2.  Which  of  the  following  statement  is  correct? 

(a)  Cathode  is  -ve  terminal  in  both,  galvanic  and  electrolytic  cells 

(b)  Anode  is  +ve  terminal  in  both,  galvanic  and  electrolytic  cells 

(c)  Cathode  and  anode  are  -ve  terminal  in  electrolytic  and  galvanic  cell. 

(d)  Cathode  and  anode  are  +ve  terminal  in  electrolytic  and  galvanic  cell. 

3.  Electrolytes  when  dissolved  in  water  dissociate  into  ions  because  : 

(a)  They  are  unstable. 

(b)  The  water  dissolves  it. 

(c)  The  force  of  repulsion  increases. 

(d)  The  force  of  electrostatic  attraction  is  broken  down  by  water. 

4.  The  electric  charge  required  for  electrode  deposition  of  one  gram-equivalent  of  a  substnace  is  : 

(a)  one  ampere  per  second  (b)  96500  coulombs  per  second 

(c)  one  ampere  for  one  hour  (d)  charge  on  one  mole  of  electrons 

5.  The  amount  of  an  ion  liberated  on  an  electrode  during  electrolysis  does  not  depend  upon  : 

(a)  Conductance  of  the  solution  (b)  Current  strength 

(c)  Time  (d)  Electrochemical  equivalent  of  the  element 

6.  How  many  electrons  are  there  in  one  coulomb  of  electricity? 

(a)  6.023  x  1023  (b)  1.64 x  1  O'24  (c)6.24xl018  (d)  6.24  x  10’24 

7.  How  many  coulombs  are  provided  by  a  current  of  0.010  mA  in  the  calculator  battery  that  can  . 
operate  for  1000  hours? 

(a)  1.0  (b)  10  (c)  0.010  '  (d)  36 

8.  How  many  minutes  are  required  to  deliver  3.21  x  106  coulombs  using  a  current  of  500  A  used 
in  the  commercial  production  of  chlorine? 

(a)  8.3  (b)  5.3  xlO4  (c)  6420  (d)  107 

9.  Passage  of  a  current  for  548  seconds  through  a  silver  coulometer  results  in  the  deposition  of 
0.746  g  of  silver.  What  is  the  current  (in  A)? 

(a)  1.22  (b)  1.16  (c)  1.07  (d)  1.00 

10.  Electrolysis  can  be  used  to  determine  atomic  masses.  A  current  of  0.550  A  deposits  0.55  g  of  a 

certain  metal  in  100  minutes.  Calculate  the  atomic  mass  of  the  metal  if  eq.  wt.  =mole.  wt./3 
(a)  100  (b)  45.0  (c)  48.25  (d)  144.75 

11.  Beryllium  occurs  naturally  in  the  form  of  beryl.  The  metal  is  produced  from  its  ore  by 
electrolysis  after  the  ore  has  been  converted  to  the  oxide  and  then  to  the  chloride.  How  many 
grams. of  Be(s)  is  deposited  from  a  BeCl2  solution  by  a  current  of  5.0  A  that  flows  for  1.0  h? 

(Atomic  weight :  Be  =  9) 

(a)  0.840  (b)  1.68 


(c)  1.42 


(d)  1.08 


12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 


How  many  minutes  will  it  take  to  plate  out  5.0  g  of  Cr  from  a  Cr2(S04)3  solution  using  a 
current  of  1.50  A?  (Atomic  weight :  Cr  =  52.0) 

(a)  254  (b)  30  g  (c)  152  (d)  103 

Calculate  the  current  (in  mA)  required  to  deposit  0.195  g  of  platinum  metal  in  5.0  hours  from 

a  solution  of  PtClf"  :  (Atomic  weight :  Pt  =  195) 

(a)  310  (b)  31  (c)  21.44  (d)  5.36 

How  many  Faradays  are  required  to  reduce  0.25  g  of  Nb  (V)  to  the  metal? 

(Atomic  weight :  Nb  =  93g) 

(a)  2.7  x  1CT3  (b)  1.3  x  1(T2  (c)  2.7  x  10-2  (d)  7.8  x  10~3 

One  gm  metal  M3+  was  discharged  by  the  passage  of  1.81  x  1023  electrons.  What  is  the  atomic 
weight  of  metal? 

(a)  33.35  (b)  133.4  (c)  66.7  (d)  None  of  these 

Total  charge  required  for  the  oxidation  of  two  moles  Mn304  into  MnO2-  in  presence  of 
alkaline  medium  is : 

(a)  5  F  (b)  10  F  (c)  20  F  (d)  None  of  these 

The  electrolytic  decomposition  of  dilute  sulphuric  acid  with  platinum  electrode,  cathodic 
reaction  is  : 

(a)  Reduction  of  H+  (b)  Oxidation  of  SO2-  (c)  Reduction  SO2-  (d)  Oxidation  of  H20 

Which  one  of  the  following  metals  can  not  be  obtained  on  electrolysis  of  aqueous  solution  of 
its  salts  ? 

(a)  Mg  (b)  Ag  (c)  Cu  (d)  Cr 

A  solution  of  potassium  sulphate  in  water  is  electrolysed  using  inert  electrodes.  The  products 
at  the  cathode  and  anode  are  respectively. 

(a)  H2,  02  (b)  02;  H2  (c)  02,  Na  (d)  None  of  these 

The  passage  of  current  through  a  solution  of  certain  electrolyte  results  in  the  evolution  of 
H2(g)  at  cathode  and  Cl2(g)  at  anode.  The  electrolytic  solution  is  : 

(a)  Water  (b)  aq.  H2S04  (c)  aq.  NaCl  (d)  aq.  CuCl2 

When  an  aqueous  solution  of  H2S04  is  electrolysed,  the  product  at  anode  is  : 

(a)  H~  (b)  OH-  (c)  SO2-  (d)  02 

An  aqueous  solution  of  Na2S04  in  water  is  electrolysed  using  Pt  electrodes.The  products  at 
the  cathode  and  anode  are  respectively  : 

(a)  H2,  S02  (b)  02,  NaOH  (c)  H2,  02  (d)  02,  S02 

The  electrolysis  of  a  solution  resulted  in  the  formation  of  H2(g)  at  the  cathode  and  02(g)  at 
the  anode.  The  solution  is  : 

(a)  AgCl  (aq)  (b)  H2S04(aq) 

(c)  highly  concentrated  NaCl  (aq)  solution  (d)  CuCl2  (aq) 

If  mercury  is  used  as  cathode  in  the  electrolysis  of  aqueous  NaCl  solution,  the  ion  discharged  at 
cathode  is  : 

(a)  H+  (b)  Na+  (c)  OH“  (d)  CT 

A  dilute  aqueous  solution  of  CuS04  is  electrolyzed  using  platinum  electrodes.The  products  at 
the  anode  and  cathode  are  : 


(a)  02,  H2  (b)  H2,02 


(d)  S20| -,  H2 


(c)  02,  Cu 


26.  What  products  are  formed  during  the  electolysis  of  concentrated  aqueous  solution  of  sodium 
chloride? 

(I)  Cl2(g)  at  anode  (II)  NaOH  as  electrolyte  (III)  H2(g)  at  cathode 

(a)  I  only  (b)  I  and  II  only  (c)  I  and  III  only  (d)  I,  II  and  III 

27.  Which  of  the  following  aqueous  solution  produces  metal  after  electrolysis  ? 

(a)  K2Cr207  (b)  KMn04  (c)  CH3COONa  (d)  CuCl2 

28.  How  much  time  is  required  for  complete  decomposition  of  4  moles  of  water  using  4  ampere? 

(a)  3.86  x  10s  sec  (b)  1.93  x  10s  sec  (c)  96500  sec  (d)  48250  sec 

29.  An  aqueous  solution  containing  1  M  each  of  Au3*",  Cu21" ,  Ag+,  Li+  is  being  electrolysed  by 
using  inert  electrodes.  The  value  of  standard  potentials  are  : 


E° 

Ag+/Ag 


=  0.80  V,  E 


O 

Cu+/Cu 


=  0.34  V,  and  E°  3+ 


/Au 


1.50  V, 


E 


Li+/Li 


=  -  3.03  V, 


With  increasing  voltage,  the  sequence  of  deposition  of  metals  on  the  cathode  will  be  : 

(a)  Li,  Cu,  Ag,  Au  (b)  Cu,  Ag,  Au  (c)  Au,  Ag,  Cu  (d)  Au,  Ag,  Cu,  Li 

30.  If  0.50  L  of  a  0.60  M SnS04  solution  is  electrolyzed  for  a  period  of  30.0  min  using  a  current  of 
4.60  A.  If  inert  electrodes  are  used,  what  is  the  final  concentration  of  Sn^  remaining  in  the 
solution?  [at.  wt.  of  Sn  —  119] 

(a)  0.342  M  (b)  0.544  M  (c)  0.389  M  (d)  0.514  M 

31.  A  100.0  mL  dilute  solution  of  Ag+  is  electrolyzed  for  15.0  minutes  with  a  current  of  1.25  mA 
and  the  silver  is  removed  completely.  What  was  the  initial  [Ag+  ]? 

(a)  2.32  x  10"1  (b)  2.32  x  10-4  (c)2.32xl(T3  (d)  1.16x10^ 


32.  A  250.0  mL  sample  of  a  0.20  M  Cr34  is  electrolyzed  with  a  current  of  96.5  A.  If  the  remaining 
[Cr31-]  is  0.1  M  die  duration  of  process  is  : 

(a)  25  sec  (b)  225  sec  (c)  150  sec  (d)  75  sec 

33.  The  element  indium  is  to  be  obtained  by  electrolysis  of  a  molten  halide  of  the  element.  Passage 
of  a  current  of  3.20  A  for  a  period  of  40.0  min  results  in  formation  of  3.05  g  of  In.  What  is  the 
oxidation  state  of  indium  in  the  halide  melt?  (Atomic  weight :  In  =  114.8) 

(a)  3  (b)  2  (c)  5  (d)  1 

34.  An  electrolysis  of  a  oxytungsten  complex  ion  using  1.10  A  for  40  min  produces  0.838  g  of 
tungsten.  What  is  the  charge  on  tungsten  in  the  material?  (Atomic  weight :  W  =  184) 

(a)  6  (b)  2  (c)  4  (d)  1 

35.  In  the  electrolysis  of  aqueous  NaCl,  what  volume  of  Cl2(g)  is  produced  in  the  time  that  it  takes 
to  liberate  5.0  liter  of  H2(g)?  Assume  that  both  gases  are  measured  at  STR 

(a)  5.0  (b)  2.50  (c)  7.50  (d)  10.0 

36.  How  many  grams  of  Cr  are  deposited  in  the  electrolysis  of  solution  of  Cr(N03)3  in  the  same 
time  that  it  takes  to  deposit  0.54  g  of  Ag  in  a  silver  coulometer  arranged  in  series  with  the 
Cr(N03)3  cell?  (Atomic  weight :  Cr  =  52.0;  Ag  =  108) 

(a)  0.0866  (b)  0.0288  (c)  0.173  (d)  0.220 

37.  In  the  electrolysis  of  a  CuS04  solution,  how  many  grams  of  Cu  are  plated  out  on  the  cathode  in 
the  time  that  it  takes  to  liberate  5.6  litre  of  O 2(g)>  measured  at  STR  at  the  anode? 

(a)  31.75  (b)  14.2  (c)  4.32  (d)  None  of  these 

38.  Ammonium  perchlorate,  NH4C104,  used  in  the  solid  fuel  in  the  booster  rockets  on  the  space 
shuttle,  is  prepared  from  sodium  perchlorate,  NaClQ4,  which  is  produced  commercially  by  the 


electrolysis  of  a  hot,  stirred  solution  of  sodium  chloride.  How  many  faradays  are  required  to 
produce  1.0  kg  of  sodium  perchlorate? 

NaCl  +  4H20 - >  NaCl04  +  4H2 

C«)  40-3  Cb)  18.3  (c)  31.6  (d)  65.3 

39.  In  the  commercial  preparation  of  aluminum,  aluminum  oxide  (A1203)  is  electrolyzed  at 
1000°C.  How  many  coulombs  of  electricity  are  required  to  give  54  kg  of  aluminum?  Assume 
following  reaction  takes  place  at  cathode  : 

Al34-  +  3e"  - ►  A1  .  /' 

(a)  17.3  x10s  (b)  3.21  x  107  (c)  1,82  x  104  (d)57.9xl07 

40.  When  molten  lithium  chloride  (LiCl)  is  electrolyzed,  lithium  metal  is  formed  at  the  cathode.  If 
current  efficiency  is  75%  then  how  many  grams  of  lithium  are  liberated  when  1930  C  of 
charge  pass  through  the  cell  ?  (Atomic  weight :  Li  =  7) 

(a)  0.105  (b)  0.120  (c)  0.28  (d)  0.240 

41.  Sodium  metal  is  produced  commercially  by  the  electrolysis  of  molten  sodium  chloride  and 
chlorine  is  produced  as  a  by  product.  How  many  litres  of  chlorine  at  1.8  atm  and  27°C  will  be 

produced  if  a  current  of  1.0  x  103  A  is  passed  through  NaCl  (0  for  9.65  h? 

(a)  2463  (b)  460  (c)  1800  (d)  1231.6 

42.  H2(g)  and  02(g),  can  be  produced  by  the  electrolysis  of  water.  What  total  volume  (in  L)  of02 
and  H2  are  produced  at  STP  when  a  current  of  30  A  is  passed  through  a  K,SO,  (aa)  solution 
for  193  min.? 

(a)  20.16,  (b)  40.32  (c)  60.48  (d)  80.64 

43.  The  cost  of  2  Rs/kWh  of  operating  an  electric  motor  for  10  hours  takes  10  amp  at  1 10  V  is  : 

(a)  79200  Rs  (b)  22000  Rs  (c)  220  Rs  (d)  22  Rs 

44.  A  1  M  solution  of  H2S04  is  electrolyzed.  Select  right  statement  with  products  at  anode  and 
cathode  respectively  : 

Given:  2SO \ - ►  S20^  +  2e”;  £°  =  -2.01  V 

H20(i) - ►  2H+(aq)  +  l/202(g)  +  2e';  E°=  -1.23  V 

(a)  concentration  of  H2S04  remain  constant;  H2,  02 

(b)  concentration  of  H2S04  increases;  02,  H2 

(c)  concentration  of  H2S04  decreases;  02,  H2 

(d)  concentration  of  H2S04  remains  constant;  S20|",H2 

45.  Cadmium  amalgam  is  prepared  by  electrolysis  of  a  solution  of  CdCl2  using  a  mercury  cathode. 

How  long  should  a  current  of  4  A  be  passed  in  order  to  prepare  10%  by  wt.  Cd  in  Gd _ Hg 

amalgam  on  cathode  of  4.5  g  Hg?  (atomic  wt.  of  Cd  =  112) 

(a)  400  sec  (b)  215.40  sec  (c)  861.6  sec  (d)  430.8  sec 

46.  Use  of  electrolysis  is  in  : 

(a)  Electrorefining  (b)  Electroplating 

(c)  Both  (a)  and  (b)  (d)  None  of  these 

47.  When  a  solution  of  AgN03  (1  M)  is  electrolyzed  using  platinum  anode  and  copper  cathode. 
What  are  the  products  obtained  at  two  electrodes? 


Given  :  E ' 


i2+icu  =  +  °-34volt; 


'02>h+|h20 


=  + 1.23  volt; 


=  +  0.0  volt; 


£° =  +  0.8  volt 

Ag^|Ag 


(a)  Cu  — 

-¥  Cu^  at  anode;  Ag+  - 

— >  Ag  at  cathode 

(b)  H20  - 

— >  02  at  anode;  Cu2+  - 

— ^  Cu  at  cathode 

(c)  H20- 

— >  Oz  at  anode;  Ag+  - 

— >  Ag  at  cathode 

(d)  N03  - 

— >  N02  at  anode;  Ag  + 

- >  Ag  at  cathode 

48.  Which  of  the  following  statements  is  correct  about  Galvanic  cell  ? 

(a)  It  converts  chemical  energy  into  electrical  energy. 

(b)  It  converts  electrical  energy  into  chemical  energy. 

(c)  It  converts  metal  from  its  free  state  to  the  combined  state. 

(d)  It  converts  electrolyte  into  individual  ions. 

49.  E°  for  Cl2(g)  +  2e~ - ►  2C1~  (aq)  is  1.36  V;  £°forCr(g)- — ►  l/2Cl2(g)  +  e~  is  : 

(a)  1.36  V  (b)  -1.36  V  (c)  -0.68  V  (d)  0.68  V 

50.  When  two  half-cells  of  electrode  potential  of  El  and  E2  are  combined  to  form  a  cell  of 
electrode  potential  £3,  then 

(when  nlf  n2  and  n3  are  no.  of  electrons  exchanged  in  first,  second  and  combined  half-cells)  : 

(a )E3=E2-E1  (b)£3=!l!lliM 

n3 

(c)  e3  =£ini  (d)  e3=e1+  e2 

n3 

51.  The  function  of  a  salt  bridge  is  to  : 

(a)  maintain  electrical  neutrality  of  both  half  cells 

(b)  increase  the  cell  potential  at  the  positive  electrode 

(c)  decrease  the  cell  potential  at  the  negative  electrode 

(d)  eliminate  the  impurities  present  in  the  electrolyte 

52.  Saturated  solution  of  KN03  with  agar-agar  is  used  to  make  ‘salt  bridge’  because  : 

(a)  size  of  K+  is  greater  than  that  of  N03 

(b)  velocity  of  N03  is  greater  than  that  of  K+ 

(c)  velocities  of  K+  and  N03  are  nearly  the  same 

(d)  both  velocity  and  sizes  of  K+  and  N03  ions  are  same 

53.  A  salt  bridge  contains  : 

(a)  A  saturated  solution  of  KC1  and  agar-agar 

(b)  A  saturated  solution  of  KN03  and  agar-agar 

(c)  A  saturated  solution  of  NH4N03  and  agar-agar 

(d)  All  of  these 

54.  The  nature  of  curve  of  £°eU  vs.  log  Kc  is  : 

(a)  straight  line  (b)  parabola  (c)  hyperbola  (d)  elliptical  curve 

55.  Consider  the  following  equations  for  a  cell  reaction 

A  +  £t=^C+D;  E°  =  x  volt,  Keq  =  K1 

2C  +  2D  ;  £°  =  y  volt,  Keq  =  K2 


2A  +  2B 


then: 

(a)  x=y,  K1  -K2  (b)  x  =  2y,K1  =2K2 

(c)  x  =  y,  K?  =K2  (d)  x2  =y,  K?  =K2 


56.  Which  graph  correctly  correlates  £cen  as  a  function  of  concentrations  for  the  cell 
Zn(s)  +  2Ag+  (dq) - >  Zn2*  (aq)  +  2Ag(s\  Ec°ell  =  1.56  V 


-1.0  0  1.0  -1.0  0  1.0  . 


57.  The  Nemst  equation  E  -  E°  -  RT/nF  InQ  indicates  that  the  Q  will  be  equal  to  equilibrium 
constant  Kc  when : 

(a)  E  =E°  (b)  RT/nF  =  1  (c)  E  =zero  '  (d)£°  =  l 

58.  The  cell  reaction  2Ag+ (aq)  +  H2(g) - >  2H+ (aq)  +  2Ag(s),  is  best  represented  by  : 

(a)  Ag(s)  |  Ag+ (aq)  ||  H+(aq)  |  H 2(g)  j  Pt(s)  (b)  Pt(s)  |  H2(g)  |  H+(aq)  ||  Ag+(aq)  |  Ag(s) 
(c)  Ag  (s)  |  Ag+ (aq)  1 1  H 2(g)  |  H+  (aq)  |  Pt  (s)  (d)  Ag+  (aq)  |  Ag  (s)  ||  H2(g)  |  H+  (aq) 

59.  The  cell  reaction  Hg  2C12  (s)  +  Cu  (s) - >•  Cu2+  (aq)  +  2C1"  (aq)  +  2Hg  (/),  is  best  represented 

by  :  '• 

(a)  Cu(s)  |  Cu+2(aq)  ||  Hg2Cl2(s)  |  Hg(l)' 

(b)  Cu (s)  |  Cu +2(aq)  ||  Hg(Z)  |  HgCl2(s) 

(c)  Cu (s)  |  Cu +2(aq)  1 1  Cl"  (aq)  |  Hg2Cl2(s)  |  Hg  (i)  |  Pt(s) 

(d)  Hg2Cl2(s)  |  a'  (aq)  1 1  Cu +2(aq)  |  Cu (s) 

60.  The  ceU  reaction  Cr202-  (aq)  +  14H+  (aq)  +  6Fe2+  (aq) - >■  6Fe3+  (aq)  +  2Cr3+(aq)  +  7H20  (0, 

is  best  represented  by  :  . 

(a)  Pt(s)  |  Fe+2(aq),  Fe3+(aq)  ||  Cr20 2“(aq),  Cr3*  (aq)  |  Pt(s) 

(b)  P,t(s)  |  Cr2072- (aq),  Cr+3(aq)  [|  Fe3+(aq),  Fe+2(aq)  |  Pt(s) 

(c)  Fe2+  (aq)  |  Fe^  (aq)  |  j  Cr2Of"  (aq)  |  Cr  3+  (aq) 

(d)  Cr202- (aq)  |  Cr  3+  (aq)  1 1  Fe^  (aq)  |  Fe2+  (aq) 

6 1 .  Select  the  correct  cell  reaction  of  the  ceU  Ag  (s)  |  Ag + (aq)  1 1  Cu  2+  (aq)  |  Cu  (s) : 

(a)  2Ag  (s)  +  Cu  (s) - >  Cu  +2  (aq)  +  2Ag + (aq) 

(b)  CuCs)  +  2Ag+ (aq) - >  Cu2+ (aq)  +  2Ag(s) 


f 


(c)  2Ag  (s)  +  Cu  2+  (aq) - >  Cu  (5)  +  2Ag  +  (aq) 

(d)  Cu  2+  (aq)  +  2Ag  +  (aq) - >  2Ag  (s)  +  Cu  (s) 

62.  Select  the  correct  cell  reaction  of  the  cell  Pt(s)  |  Cl2(g)  |  CP  (aq)  [|  Ag + (aq)  |  Ag  (s) : 

(a)  Cl 2(g)  +  Ag+ (aq) - >  Ag  (5)  +  2CP  (aq) 

(b)  Cl2(g)  +  Ag  (s) - ►  2Cl"(aq)  +  Ag+(aq) 

(c)  2d’ (aq)  +  2Ag+  (aq) - >  2Ag (s)  +  Cl2(g) 

(d)  AgCl  (5) - ►  Ag  +  (aq)  +  CP  (aq) 

63.  Standard  electrode  potential  of  SHE  at  298  K  is  : 

(a)  0.05  V  (b)  0.10  V  (c)  0.50  V  (d)  0.00  V 

64.  The  e:m.f.  of  the  following  galvanic  cells  : 

(a)  Zn|Zn2f(lM)||Cu2f(lM)|Cu  (b)  ZnlZn^fO.l  M)  ||Cu2f  (1  M)  [Cu 

(c)  Zn|Zn2f(lM)||Cu2f(0.1M)|Cu  (d)  ZnlZn21- (0.1  M)||Cu2+(0.1  M)|Cu 

are  represented  by  Ex  E2,  E3  and  E4  respectively.  Which  of  the  following  statement  is  true? 

(a)  Ej  >  E2  >  £3  >  £4  (b)  £3  >  £2  >  £j  >  £4 

(c)  E3  >£j  =E4  >£2  (d)  £2  >£,  =£4  >£3 

65.  Based  on  the  cell  notation  for  a  spontaneous  reaction,  at  the  anode  : 

Ag(s)  |  AgCl(s)  |CI-  (aq)  ||  Br"  (aq)  |  Br2(0  |C(s) 

(a)  AgCl  becomes  reduced  (b)  Ag  becomes  oxidized 

(c)  Br"  becomes  oxidized  (d)  Br2  becomes  reduced 

66.  Given  the  listed  standard  electrode  potentials,  what  is  £°  for  the  cell : 

4BiO+  (aq)  +  3N2H^  (aq) - ►  4Bi(s)  +  3N2(g)  +  4H20«)  +  7H+  (aq) 

N 2(g)  +  5H+  (aq)  +  4e"  - >•  N2H^  (aq),  £°  =  -  0.23  V 

BiO+  (aq)  +  2H+  (aq)  +  3e"  - »  Bi(s)  +  H20(I),  E°  =  +  0.32  V 

(a)  +0.55  (b)  +0.34  (c)  +1.88  (d)  +0.09 

67.  What  is  the  standard  electrode  potential  for  the  reduction  of  HClO? 

HClO(aq)  +  H+  (aq)  +  2e‘  - ►  CP  (aq)  +  H20(/) 

Given:  Cr2*- (aq) - ►  Cr2*'  (aq)  +  e",  £°  =  0.41V 

HClO(aq)  +  H+  (aq)  +  2Cr2f  (aq) - ■>  Xr3f  (aq)  +  CP  (aq)  +  H20(1),  E°  =  1.80 

(a)  1.39  (b)  1.54  (c)  1.22  (d)  0.90 

68.  The  £°for  the  following  cell  is  +0.34  V.  In(s)|In(0H)3(aq)||Sb02(aq)|Sb(s). 

Using  E°  =  -1.0V  for  the  In  (OH)3 1  In  couple,  calculate  E°  for  the  Sb02|  Sb  half-reaction  : 

(a)  -1.34  (b)  +  0.66 

(c)  +0.82  (d)  -0.66 

69.  From  the  following  half-cell  reactions  and  their  potentials,  what  is  the  smallest  possible 
standard  e.m.f.  for  spontaneous  reactions? 

PO^  (aq)  +  2H2O(0  +  2e"  - ■>  HPO^  +  30H"  (aq);  E°  =  - 1.05  V 

Pb02(s)  +  H2O(0  +  2e~ 


->  PbO(s)  +  20H"  (aq);  £°  =  +  0.28  V 


io  3(aq)  +  2H2O(0  +  4e"  —>  10  "(aq)  +  40H  "(aq);  E°  =  +  0.56  V 

(a)  +0.00  (b)  +0.74  (c)  +0.56  (d)  +0.28 

70.  Determine  which  substance  is  the  best  reducing  agent  in  Q.  no.  47  : 

(a)  HPO^"  (b)  PO^  (c)  IO"  (d)  IO3 

71.  Which  substance  is  the  best  oxidizing  agent  in  Q.  no.  47? 

(a)  IOi  (b)  IO"  (c)  PbO  (d)  PO3" 

72.  Consider  the  following  half-cell  reactions  and  associated  standard  half-cell  potentials  and 
determine  the  maximum  voltage  that  can  be  obtained  by  combination  resulting  in 
spontaneous  processes  : 

AuBr4  (aq)  +  3e"  — -+  Au(s)  +  4Br"  ( aq );  .  E°  =  -  0.86  V 
Eu3+  (aq)  +  e"  — — +  Eu2+  (aq);  E°  =  - 0.43V 

Sn2+(aq)  +  2e”  - >Sn(s);  £°  =  -0.14V 

IO"  (aq)  +  H20(Z)  +  2e" - ►  I"(aq)  +  20H  (aq);  E°  =  +  0.49V 

(a)  +0.72  (b)  +1.54  (c)  +1.00  (d)  +1.35 

73.  The  position  of  some  metals  in  the  electrochemical  series  in  decreasing  electropositive 
character  is  Mg  >  A1  >  Zn  >  Cu  >  Ag.  What  will  happened  if  copper  spoon  is  used  to  stirred  a 
solution  of  aluminium  nitrate  ? 

(a)  The  spoon  gets  coated  with  aluminium. 

(b)  An  alloy  of  aluminium  and  copper  is  formed. 

(c)  No  reaction  occurs 

(d)  The  solution  starts  turning  blue 

74.  Zn  can  displace  : 

(a)  Mg  from  its  aqueous  solution  (b)  Cu  from  its  aqueous  solution 

(c)  Na  from  its  aqueous  solution  (d)  Al  from  its  aqueous  solution 

75.  Based  on  the  following  information  arrange  four  metals  A,  B,  C  and  D  in  order  of  decreasing 
ability  to  act  as  reducing  agents  : 

(I)  Only  A,  B  and  C  react  with  1  MHCl  to  give  H2(g) 

(II)  When  C  is  added  to  solutions  of  the  other  metal  ions,  metallic  B  and  D  are  formed 

(III)  Metal  C  does  not  reduce  A"+. 

(a)  C  >  A  >  B  >  D  (b)  C  >  A  >  D  >  B  (c  )A>C>D>B  (d  )A>C>B>D 

76.  When  an  aqueous  solution  of  CuS04  is  stirred  with  a  silver  spoon  then  : 

(a)  Cu+  will  be  formed  (b)  Ag+  will  be  formed 

(c)  Cu2+  will  be  deposited  (d)  None  of  these 

77.  Based  on  the  following  information  arrange  four  metals,  A,  B,  C  and  D  in  order  of  increasing 
ability  to  act  as  reducing  agents  : 

(I)  Only  C  react  with  1  M  HC1  to  give  H2(g) 

(II)  When  A  is  added  to  solution  of  the  other  metal  ions,  metallic  D  is  formed  but  not 
B  or  C 

(a)  D  <  A  <C  <B  (b)  A  <D  <C  <B  (c  )B<D<A<C  (d)D<A<B<C 

78.  In  the  reaction  : 

4Fe(s)  +  30  2  (g) - >•  4Fe3+  (aq)  +  60  2"  (aq) 


which  of  the  following  statement  is  incorrect  ? 

(a)  A  redox  reaction  (b)  Fe  is  reducing  agent 

(c)  02  is  an  oxidizing  agent  (d)  Fe  is  reduced  to  Fe3* 

79.  Which  of  the  following  is  displaced  by  Fe  ? 

(a)  Ag  (b)  Zn  (c)  Na  (d)  All  of  these 

80.  The  standard  potential  at  25°C  for  the  following  half  reactions  is  given  : 

Zn2+  +2e' - ►  Zn  ;  E°=  -0.762  V 

Mg2*  +2e" - >  Mg  ;  E°=  -2.37  V 

When  Zinc  dust  is  added  to  the  solution  of  MgCl2. 

(a)  ZnCl2  is  formed  (b)  Mg  is  precipitated 

(c)  Zn  dissolved  in  the  solution  (d)  No  reaction  takes  place 

81.  The  element  which  can  displace  three  other  halogens  from  their  compound  is  : 

(a)  F  Cb)  Cl  (c)  Br  (d)  1 

82.  Using  the  standard  half-cell  potential  listed,  calculate  the  equilibrium  constant  for  the 
reaction  : 

Co(s)  +  2H*  (aq) - ►  Co2* (aq)  +  H2(g)  at  298  K 

Co2*  (aq)  +  2e"  - ►  Co(s)  £°  =  -  0.277  V 

(a)  2.3  x  109  (b)  4.8  x  104  (c)  4.8  x  107  (d)  4.8  x  1011 

83.  The  E° at  25°C  for  the  following  reaction  is  0.22  V  calculate  the  equilibrium  constant  at  25°C  : 

H2(g)  +  2AgCl(s) - »  2Ag(s)  +  2HCl(aq) 

(a)  2.8  x  107  (b)5.2xl08  (c)5.2xl06  (d)5.2xl03 

84.  Electrode  potential  of  the  half  cell  Pt(s)  |  Hg(i) 1  Hg2CI2(s)  |  Cl" (aq)  can  be  increased  by  : 

(a)  Increasing  [Cl")  (b)  Decreasing  [Cl-] 

(c)  Increasing  Hg2Cl2(s)  (d)  Decreasing  Hg(Z) 

85.  The  equilibrium  constant  for  the  following  general  reaction  is  103°.  Calculate  E°for  the  cell  at 
298  K. 

2X2(s)  +  37 2*  (aq) - >  2Xf*  (aq)  +  37(s) 

(a)  +0.105  V  (b)  +0.2955  V  (c)  0.0985  V  (d)  -0.2955  V 

86.  A  solution  containing  H*  and  D*  ions  is  in  equilibrium  with  a  mixture  of  H2  and  D2  gases  at 
25°C.  If  the  partial  pressures  of  both  gases  are  1.0  atm,  find  the  ratio  of  [D*]/[H*] : 

(Given  :  £°t  =  -  0.003  V) 

D  /D2 

(a)  1.23  (b)  1.12  (c)  0.11  (d)  1.0 

87.  The  £°  at  25C°  for  the  following  reaction  is  0.55  V  Calculate  the  AG°  in  kJ  : 

4BiO*(aq)  +  3N2H^  - >  4Bi(s)  +  3N2(g)+  4  H20(I)  +  7H* 

(a)  -637  (b)  -424  (c)  -106  (d)  -318.5 

88.  Use  the  following  E°  for  the  electrode  potentials,  calculate  AG°  in  kJ  for  the  indicated 
reaction : 

5Ce4*  (aq)  +  Mn2*  (aq)  +  4H20(Z) - ►  5  Ce3*(aq);  +  MnO;  (aq)  +  8H*  (aq) 

MnO;(aq)  +  8H*(aq)  +  5e"  - ►  Mn2* (aq)  +  4H2O(0;  E°  =  + 1.51V 


Ce4"(aq)+V - >  Ce3+  (aq)  E°  =  +  1.61V 

(a)  -9.65  (b)  -24.3  (c)  -48.25  (d)  -35.2 

89.  Consider  an  electrochemical  cell  in  which  the  following  reaction  occurs  and  predict  which 
changes  will  decrease  the  cell  voltage  : 

Fe2 '  (aq)  +  Ag  +  (aq) - >  Ag(s)  +  Fe34  ( aq ) 

(I)  decrease  the  [AgH  ]  (II)  increase  in  [Fe3*]  (III)  increase  the  amount  of  Ag 
(a)  I  (b)  II  and  m  (c)  II  (d)  I  and  II 

90.  Consider  the  following  equation  for  an  electrochemical  cell  reaction.  Which  of  the  following 
changes  in  condition  will  increase  the  cell  voltage? 

H2(g)  +  PbCl2(s) - >  Pb(s)  +  2HCl(aq) 

(I)  dissolve  concentrated  HC104  in  the  cell  solution 

(II)  increase  the  pressure  of  H2(g)  (III)  increase  the  amount  of  Pb(s) 

(a)  HI  (b)  I  and  II  (c)  II  and-  III  (d)  II 

91.  The  standared  electrode  potential  for  the  following  reaction  is  +  1.33  V.  What  is  the  potential 
at  pH  =  2.0? 

Cr20|~ (aq,  1  Af )  +  14H'  (aq)  +  6e~ - ►  2Cr3+  (aq,  1 M)  +  7H20(i) 

(a)  +1.820  V  (b)  +1.990  V  (c)  +1.608V  (d)  +1.0542V 

92.  The  standard  electrode  potential  for  the  following  reaction  is  -0.57  V.  What  is  potential  at 
.  pH  =  12.0? 

TeO2-  (aq,  1 M)  +  3  H2O(0  +  4c~ - »  Te(s)  +  60H~ (aq) 

(a)  -0.17  V  (b)  +0.21  V  (c)  -0.39  V  (d)+1.95V 

93.  ColCo21"  (C2)||Co2f(C, )  |Co;  for  this  cell,  AG  is  negative  if : 

(a)  C2  >Cj  (b)  C7  >C2  (c)  Cj  =  C2  (d)  unpredictable 

94.  Whar  will  be  the  emf  for  the  given  cell? 

Pt  |  I-Ia(g,  P,)  |  H+(aq)  ||  H2(g,P2)  |  Pt 

(a)  T  in  JT  (b)  %  ]n  T  (c>  ?  ,n  (d)  None  of  these 

t  f2  2 F  p2  F  p, 

95.  For  the  electrochemical  cell  Pt(s)|H2(g)|H+(lM)||Cu2+(lM)|Cu(s),  which  one  of  the 

1  aim 

following  statements  is  true  ? 

(a)  H2  liberated  at  anode  and  Cu  is  deposite  at  cathode. 

(b)  H2  liberated  at  cathode  and  Cu  is  deposite  at  anode. 

(c)  Oxidation  occurs  at  cathode. 

(d)  Reduction  occurs  at  anode. 

96.  In  a  concentration  cell  the  same  reactants  are  present  in  both  the  anode  and  the  cathode 
C0^Partrnents>  but  at  different  concentrations.  Calculate  the  emf  of  a  cell  containing  0.040  M. 
Cr  in  one  compartment  and  1.0 M  Cr^  in  the  other  if  Cr  electrodes  are  used  in  both. 

(a)  0.028  V  (b)  0.249V  (c)  0.083  V  (d)  0.125V 

9.7.  A  1.0  M  solution  of  Cd^  is  added  to  excess  iron  and  the  system  is  allowed  to  reach 
equilibrium:  What  is  the  concentration  of  Cd^  ? 

Cd ^  (aq)  +  Fe(s) - >  Cd(s)  +  Fe2+  (aq);  E°  =  0.037 


(a)  0.195  (b)  0.097  Cc)  0.053  (d)  0.145 

98.  Tlie  measured  voltage  for  the  reaction  with  the  indica  ted  concentrations  is  1 .50  VCalculate  E  °. 

Cr(s)  +  3Ag+  (aq,  0.10  M)  - >  Ag(s)  +Cr 3<  (aq,  0.30  M) 

(a)  1.35  (b)  1-40  (c)  1.65  (d)  1.55 

99.  Calculate  the  standard  voltage  that  can  be  obtained  from  an  ethane  oxygen  fuel  cell  at  25°C. 

C2H6(g)  +  7/20 2(g) - >  2C02(g)  +  3H2O(0;  AG°  >  -1467  kJ 

(a)  +0.91  (b)  +0.54  (c)  +0.72  (d)  +1.08 

100. 12(s)  |i~(0.1M)  half  cell  is  connected  to  a  H+(nq)|  H2  (1  bar)  j  Pt  half  cell  and  e.m.f.  is  found 
to  be  0.7714  V  If  2°  =0.535  V,  find  the  pH  of  H+|H2  half-cell. 

(a)  1  (b)  3  (c)  5  (d)  7 

101.  What  is  the  SRP  for  S2“|CuS|Cu  half-cell? 

Given:  K^fCuS)  =  10"35  and  E£u2+  =  °-34V 

(a)  1.034  V  .(b)  1.0  V  (c)  -0.694  V  (d)  0.694  V 

102.  Given  the  following  standard  electrode  potentials,  the  Ksp  for  PbBr2  is  : 

PbBr2(s)+2e“ - »  Pb(s)  +  2Br"  (aq);  £°  =  -0.248  V 

Pb2+  (.aq)  +  2e~ - >Pb(s);  E°  =  - 0.126  V 

(a)  7.4  x  10-5  (b)  4.9  x  10“14  (c)  5.2x10“°  (d)  2.3  x  10'13 

103.  The  standard  free  energy  change  for  the  following  reaction  is  -210  kJ.  What  is  die  standard 
cell  potential? 

2H20  2(aq) - »  2H2O(0  +  02(g) 

(a)  +0.752  (b)  +1.09  (c)  +0.420  (d)  +0.640 

104.  At  equilibrium  : 

(a)  Bfci)  —  0,  A G°  =  0  (b)  £cen  —  0,  A G  =  C 

(c)  both  are  correct  (d)  none  is  correct 

105.  The  E°  at  25°C  for  the  following  reaction  at  the  indicated  concentrations  is  1.50  V  Calculate 
the  AG  in  kJ  at  25°  C  : 

Cr(s)  +  3Ag  +  (aq,  0.1  M) - »  Ag(s)  +  Cr3+ (aq,  0.1  M) 

(a)  -140.94  (b)  -295  (c)  -212  (d)  -422.83 

106.  If  £°  * /A  is  1.69  V  and  E°  3,  is  1.40  V  then  E°,„  3+  will  be  : 

An  /An  Au  /Au  AuVAu^ 

(a)  0J9  V  (b)  2.945  V  (c)  1.255  V  (d)  None  of  these  , 

107.  Consider  the  following  standard  electrode  potentials  and  calculate  the  equilibrium  constant  at 
25°C  for  the  indicated  disproportionation  reaction  : 

3Mn2f  (aq) - >  Mn(s)  +  2Mn3f  (aq) 

Mn3f(aq)  +  e” - »Mn2+(aq);  E°  =  1.51V 

Mn  2+(aq)  +  2e" - >Mn(s);  £°  = -1.185V 

(b)  2.4  x  10-73  (c)  6.3  xlO^92  (d)  1.5xl0“°2 


(a)  1.2  x  10 


108.  A  galvanic  cell  is  composed  of  two  hydrogen  electrodes,  one  of  which  is  a  standard  one.  In 
which  of  the  following  solutions  should  the  other  electrode  be  immersed  to  get  maximum 
e.m.f.  : 

(a)O.lMHCl  (b)  0.1  M  H2S04  (c)  0.1M  NH4OH  (d)  0.01  MHCOOH 

109.  Ag|AgCl|Cr(C2)||Cr(Cj)|AgCl|Ag  for  this  cell  AG  is  negative  if : 

(a)  C1=C2  G^)  Cj  >C2  (c)  C2  >Cj  (d)  Both  (a)  and  (c) 

110.  By  how  much  is  the  oxidizing  power  of  Cr202-  |  Cr31- couple  decreased  if  the  H4  concentration 
is  decreased  from  1  M  to  10“3  M  at  25°C? 

(a)  0.001  V  (b)  0.207  V  (c)  0.441  V  (d)  0.414  V 

111.  The  temperature  coefficient  of  a  cell  whose  operation  is  based  on  the  reaction 

Pb (s)  +  HgCl  2(aq) - >  PbCl2(aq)  +  Hg(7)  is  : 

(—1  =  1.5  x  10-4 VK_1  at  298  K 

U  Tjp 


The  change  in  entropy  (in  J/K  mol)  during  the  operation  is  : 
(a)  8627  (b)  57.9  (c)  28.95 

112.  Thermodynamic  efficiency  of  a  cell  is  given  by  : 

,  .  AH  „s  nFE  ,  .  -nEF 


,  .  AH 
■Ca)^ 


(b)  — 
AG 


(d)  14.475 


(d)  nFE 0 


113.  Calculate  the  value  of  equilibrium  constant  (JC,)  for  the  reaction  : 

Zn2f(aq)  +  40H'(aq)  ^  Zn(OH)^  (aq) 
Given  :  Zn2*-  (aq)  +  2e”  - >  Zn(s);  E°=  -  0.76  V 


(a)  101 


Zn  ^  (aq)  +  2e' 
Zn(OH)2*  (aq)  +  2e~ 


(b)  2  x  101 


■  Zn(s)  +  40H"  (aq);  E°  =  -  1.36  V 


PT 

2.303—  =  0.06 
F 

(c)  1020 


(d)  none  of  these 


114.  Which  of  the  following  statement  is  false  for  fuel  cells  ? 

(a)  They  are  more  efficient  (b)  They  are  free  from  pollution 

(c)  They  run  till  reactants  are  active  (d)  Fuel  burned  with  02 

115.  When  a  lead  storage  battery  is  charged  it  acts  as  : 

(a)  a  fuel  cell  (b)  an  electrolytic  cell 

(c)  a  galvanic  cell  (d)  a  concentration  cell 

116.  The  metal  that  forms  a  self-protecting  film  of  oxide  to  prevent  corrosion  is  : 

(a)  Na  (b)  Al  (c)  Cu  (d)  Au 

117.  Rusting  of  iron  is  catalyzed  by  which  of  the  following  ? 

(a)  Fe  (b)  Zn  (c)  02  (d)  H* 

118.  Which  of  the  following  is  a  highly  corrosive  salt  ? 

(a)  Hg2Cl2  (b)  HgCl2  (c)  FeCl2  (d)  Pbd2 

119.  The  Zn  acts  as  sacrificial  or  cathodic  protection  to  prevent  rusting  of  iron  because 

(a)  Eq p  of  Zn  <£op  of  Fe  (b)  EqP  of  Zn  >£qP  of  Fe 

(c)  EqP  of  Zn  =  EqP  of  Fe  (d)  Zn  is  cheaper  than  iron 


1 

j 


mr 


120.  In  electrochemical  corrosion  of  metals,  the  metal  undergoing  corrosion  : 

(a)  acts  as  anode  (b)  acts  as  cathode 

(c)  undergoes  reduction  (d)  None 

121.  When  an  acid  cell  is  charged,  then  : 

(a)  Voltage  of  cell  increases  (b)  Resistance  of  cell  increases 

(c)  Electrolyte  of  cell  dilutes  (d)  None  of  these 

122.  Electrolytic  conduction  is  due  to  the  movement  of : 

(a)  electrons  (b)  ions 

(c)  atoms  (d)  electrons  as  well  as  ions 

123.  Molten  sodium  chloride  conducts  electricity  due  to  the  presence  of  : 

(a)  Free  electron  (b)  Free  ions 

(c)  Free  molecules  (d)  Atoms  of  sodium  and  chlorine 

124.  Pure  water  does  not  conduct  electricity  because  it : 

(a)  is  neutral  (b)  is  readily  decomposed 

(c)  is  almost  totally  unionized  (d)  has  a  low  boiling  point 

125.  The  relation  among  conductance  (G),  specific  conductance  (k)  and  cell  constant  (1/A)  is  : 

I  A  l 


(a)  G  =  k  — -  (b)  G  =  k  —  (c)Gk=~  (d)  G  -  kAI 

A  l  A 

126.  If  x  is  specific  resistance  (in  S-1cm)  of  the  electrolyte  solution  and  y  is  the  molarity  of  the 

solution,  then  Am  (in  S  cm2mol-1)  is  given  by  : 

1000  ,,,  xy 


,  ,  lOOOx 
(a)  - 

y 


(b)  1000^ 


(c) 


(d) 


1000 


127.  Equivalent  conductance  can  be  expressed  in  terms  of  specific  conductance  (>c)  and 
concentration  (N)  in  gram  equivalent  per  dm-3  as  : 


(a)  k  x  N 


(b) 


k  x  1000 


(c) 


K  X  N 


(d)  k  X  N  X  1000 


N  1000 

128.  Resistance  of  a  decimolar  solution  between  two  electrodes  0.02  meter  apart  and  0.0004  m2  in 
area  was  found  to  be  50  ohm.  Specific  conductance  (k)  is  : 

(a)  0.1  Sm'1  (b)lSm-1  (c)  lOSm'1  (d)  4x  10^  S  m-1 

129.  Resistance  of  0.1  M  KCl  solution  in  a  conductance  cell  is  300  ohm  and  conductivity  is 
0.013  Scm-1.  The  value  of  cell  constant  is  : 

(a)  3.9  cm-1  (b)  39  m_1  (c)  3.9  m"1  (d)  None  of  these 

13C.  Ionisation  constant  of  a  weak  acid  (HA)  in  terms  of  A“  and  Am  is  : 


(a)  Ka  = 


CA“ 


(c)  Ka  = 


(Am-A“) 
C(A”)2 


(b)  Ka  =■ 


CAi 


Am  (A^,  -  AJ. 
(d)  None  of  these 


Am  (Am  -  Am) 

131.  V/hen  a  concentrated  solution  of  an  electrolyte  is  diluted? 

(a)  its  specific  conductance  increases 

(b)  its  equivalent  conductance  decreases 


(c)  its  specific  conductance  decreases  and  equivalent  conductance  increases 

(d)  both  specific  and  equivalent  conductance  increase 

132.  Molar  conductivity  of  a  solution  of  an  electrolyte  AB3  is  150Scm2mol_1.  If  it  ionises  as 

AB3 - >  A  3+  +  3 B~ ,  its  equivalent  conductivity  will  be  : 

(a)  150  (in  Scm2eq-1)  (b)  75  (in  Scm2eq_1) 

(c)  50  (in  Scm2eq~1)  (d)  80  (in  Scn^eq"1) 

133.  Equivalent  conductivity  of  Fe2(S04)3  is  related  to  molar  conductivity  by  the  expression  : 

(a)  Aeq  =  Am  (b)  Aeq  =  Am/3  (c)  Aeq  =  3Am  (d)  Aeq  =  Am/6 

134.  The  limiting  equivalent  conductivity  of  NaCl,  KC1  and  KBr  are  126.5,  150.0  and  151.5  S  cm2 
eq"1,  respectively.  The  limiting  equivalent  ionic  conductance  for  Br"  is  78  S  an2eq_1.  The 
limiting  equivalent  ionic  conductance  for  Na+  ions  would  be  : 

(a)  128  (b)  125  (c)  49  (d)  50 

135.  The  specific  conductance  of  a  saturated  solution  of  silver  bromide  is  k  Scm-1.  The  limiting 
ionic  conductivity  of  Ag+  and  Br”  ions  are  x  and  y,  respectively.  The  solubility  of  silver 
bromide  in  gif1  is  :  (molar  mass  of  AgBr  =188) 

(a)K*  1000  (b)^xl88  (c)  KX  1000x  188  (d)x  +  yx1000 

x-y  x  +  y  x  +  y  k188 

136.  The  resistance  of  0.1  N  solution  of  formic  acid  is  200  ohm  and  cell  constant  is  2.0  cm-1.  The 
equivalent  conductivity  (in  Scm2eq_1)  of  0.1  N  formic  acid  is  : 

(a)  100  (b)  10  (c)  1  (d)  none  of  these 

137.  A  conductance  cell  was  filled  with  a  0.02  M  KCl  solution  which  has  a  specific  conductance  of 
2.768  x  10-3  ohm-1  cm-1.  If  its  resistance  is  82.4  ohm  at  25°C,  the  cell  constant  is  : 

(a)  0.2182cm-1  (b)  0.2281  cm"1  (c)  0.2821  cm"1  (d)  0.2381  cm'1 

138.  The  ionic  conductivity  of  Ba^  and  Cl"  at  infinite  dilution  are  127  and  76  ohm-1  cm2eq_1 
respectively.  The  equivalent  conductivity  of  BaCl2  at  infinity  dilution  (in  ohm"1cm2eq-1) 
would  be  : 

(a)  203  (b)  279  (c)  101.5  (d)  139.5 

139.  Unit  of  ionic  mobility  is  : 

(a)  mV'1  s"1  (b)  m2  V"2  s"1  (c)m2V'1s'1  (d)m"2Vs-1 

140.  A“^cl  can  be  obtained  : 

(a)  by  extraplotation  of  the  graph  A  and  VC  to  zero  concentration 

(b)  by  known  values  of  A"3  of  AgN03,  HC1  and  HN03 

(c)  both  (a)  and  (b) 

(d)  None  of  these 

141.  The  conductance  of  a  salt  solution  (AB)  measured  by  two  parallel  electrodes  of  area  100  cm2 
separated  by  10  cm  was  found  to  be  0.0001  Q"1.  If  volume  enclosed  between  two  electrode 
contain  0.1  mole  of  salt,  what  is  the  molar  conductivity  (Scm2mol"1)  of  salt  at  same 
concentration  : 

(a)  10  (b)  0.1  (c)  1 


(d)  none  of  these 


142.  The  conductivity  of  a  strong  electrolyte  : 

(a)  Increases  on  dilution  (b)  Decreases  on  dilution 

(c)  Does  not  change  with  dilution  (d)  Depends  upon  density  of  electrolytes 

143.  The  increase  in  equivalent  conductance  of  a  weak  electrolyte  with  dilution  is  due  to  : 

(a)  Increase  in  degree  of  dissociation  and  decrease  in  ionic  mobility 

(b)  Decrease  in  degree  of  dissociation  and  decrease  in  ionic  mobility 

(c)  Increase  in  degree  of  dissociation  and  increase  in  ionic  mobility 

(d)  Decrease  in  degree  of  dissociation  and  increase  in  ionic  mobility 

144.  Strong  electrolytes  are  those  which  : 

(a)  Conduct  electricity  (b)  Dissolve  readily  in  water 

(c)  Dissociate  into  ions  at  high  dilution  (d)  Completely  dissociate  into  ions 

145.  The  electric  conduction  of  a  salt  solution  in  water  depends  on  the  : 

(a)  Size  of  its  molecules  (b)  Shape  of  its  molecules 

(c)  Size  of  solvent  molecules  (d)  Extent  of  its  ionization 

146.  A  graph  was  plotted  between  molar  conductivity  of  various  electrolytes  (NaCl,  HC1  and 

NH4OH)  and  VC  (in  molL'1 ).  Correct  setting  :  *Ss 


VC 


(a)  I  (NaCl),  Il(HCl),  III(NH4OH) 

(b)  I(HCl),  II (NaCl),  III(NH4OH) 

(c)  I(NH„OH),  Il(NaCl),  III(HCl) 

(d)  I(NH4OH),  II(HCl),  ni(NaCl) 

147.  Which  of  the  following  is  arranged  in  increasing  order  of  ionic  mobility  ? 

(a)  I'  <  8r”  <C1"  <  F"  (b)  F"  <CT  <  Br_  <F 

(c)  F”  <r  <cr  <Br"  (d)  F”  <CF  <F  <Br“ 

148.  HN03(aq)  is  titrated  with  NaOH(aq)  conductometrically,  graphical  representation  of  the 
titration  as : 


Vol  of  NaOH  Vol  of  NaOH 


149.  Which  of  the  following  plots 


a  wea 


k  base? 


will  obtained  for  a  conductometric  titration 


of  strong  acid  against 


Vol  of  alkaline  Vol  of  alkaline 

solution  solution 


Vol  of  alkaline 
solution 


Vol  of  alkaline 
solution 


150.  Conductometric  titration  curve  of  a  equimolar  mixture  of  a  HCl  and  HCN  with  NaOH(aq)  is  : 


S 

c 


Vol  of  NaOH 


Cti 


VoJ  of  NaOH 


Vol  of  NaOH 


V/ 

Vol  of  NaOH 


Cl  r/TD/VUCUICTOV 


*;r 


.- ,  s’ 


SkuAiife 


Level 
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1.  In  the  Hall  process,  aluminum  is  produced  by  the  electrolysis  of  molten  Al203  by  the  following 
reactions.  How  many  second  would  it  take  to  produce  enough  aluminum  by  the  Hall  process  to 
make  a  case  of  24  cans  of  aluminum  soft-drink,  if  each  can  uses  5.0  g  of  Al,  a  current  of  9650 
amp  is  employed,  and  the  current  efficiency  of  the  cell  is  90.0%  : 

(a)  203.2  (b)  148.14  (c)  333  (d)  6.17 

2.  108  g  fairly  concentrate  solution  of  AgN03  is  electrolyzed  using  0.1  F  of  electricity.  The  weight 
of  resulting  solution  is  : 

(a)  94  g  (b)  11.6  g  (c)  96.4  g  (d)  None  of  these 

3.  The  electrolysis  of  acetate  solution  produces  ethane  according  to  reaction  : 

2CH3COCT  - >  C2H6(g)  +  2C02(g)  +  2e“ 

The  current  efficiency  of  the  process  is  80%.  What  volume  of  gases  would  be  produced  at  27°C 
and  740  torr,  if  the  current  of  0.5  amp  is  passed  through  the  solution  for  96.45  min? 

(a)  6.0  L  (b)  0.60  L  (c)  1.365  L  (d)  0.91  L 

4.  A  layer  of  chromium  metal  0.25  mm  thick  is  to  be  plated  on  an  auto  bumper  with  a  total  area 
of  0.32  m2  from  a  solution  containing  Cr04"?  What  current  flow  is  required  for  this 
electroplating  if  the  bumper  is  to  be  plated  in  60  s  ?  The  density  of  chromium  metal  is 
7.20  g/cm3. 

(a)  4.9 x  103A  (b)  1.78 x  103A  (c)5.3xl04A  (d)  10.69x10  A 

5.  100  mL  of  0.05  M  CuS04(aq)  solution  was  electrolyzed  using  inert  electrodes  by  passing 
current  till  the  pH  of  the  resulting  solution  was  2.  The  solution  after  electrolysis  was 
neutralized  and  then  treated  with  excess  KI  and  formed  I2  titrated  with  0.04 M  Na2S203. 
Calculate  the  required  volume  (in  mL)  of  Na2S203  : 

(a)  112.5  mL  (b)  100  mL  (c)  125  mL  (d)  None  of  these 

6.  If  the  equilibrium  constant  for  the  reaction  H+(aq)  +  OH  (aq)  H2O(0  is  10  at  certain 

temperature  then  what  is  the  E°  for  the  reaction,  2H20(1)  +  2e  H2(g)  +  20H  (oq) 

2.303  RT  nA,, 

Given  : - =  0.066 

F 

(a)  1.230  V  (b)  -0.858  V  (c)  -0.80  V  (d)  -0.8274  V 

7.  A  fuel  cell  develops  an  electrical  potential  from  the  combustion  of  butane  at  1  bar  and  298  K 

C4H  10(g)  +  6.502(g) - >  4C02(g)  +  5H20(D;  ArG°=-2746  kJ/mol 

What  is  E°  of  a  cell? 

(a)  4.74  V  (b)  0.547  V  (c)  4.37  V  (d)  1.09  V 

8.  The  cell  Pt|H2(g,  0.1  bar)|H+  (aq),  pH  =  Xl|Cl"(aq,  1  M)|Hg2Cl2|Hg|Pt, 

has  e.m.f.  of  0.5755  V  at  25°C.  The  SOP  of  calomel  electrode  is  -0.28V,  then  pH  of  solution 
will  be  : 

(a)  11 


(b)  4.5 


(c)  5.5 


(d)  None  of  these 


412 


/jv 


9.  For  a  cell  reaction  2H 2(g)  +  O  >(g) — *  21120(7)  A..S29ti  -  -  0.32  kJ/K.  What  is  the  value  of- 
A/H^(H2o,  0? 

Given  :  O 2(g)  +  4H+(aq)  4  4e"  — — »  2H20 (l);  E°  -1.23  V 

(a)  -285.07  kJ/mol  (b)  -570.14  kJ/mol. 

(c)  285.07  kJ/mol  fd)  None  of  these 

10.  What  is  the  potential  of  an  electrode  which  originally  contained  0.1  M  N03  and  0.4  M  Hf 

and  which  has  been  treated  by  80%  of  die  cadmium  necessary  to  reduce  all  the  NO  3  to  NO(g) 
at  1  bar? 

Given  :  N03  +  4H+  +  3e"  - 4  NO  +  2FI20;  E°  =  0.96  V;  log  2  =  0.3 

(a)  0.84  V  (b)  1.08  V 

W  J-23v  (d)  1.36  V 

11*  standard  reduction  potential  of  normal  calomel  electrode  and  reduction  potential  of 
saturated  calomel  electrodes  are  0.27  and  0.33  volt  respectively.  What  is  the  concentration  of 
Cl  in  saturated  solution  of  KC1? 

(a)  0.1  M  (b)  0.01  M  (c)  0.001 

12.  Determine  the  potential  of  the  following  cell : 

Pt I H2 (g,  0.1  bar)  |  H+  (aq,  1 0‘  J  M)||Mn04 (aq,  0.1  M), 

Mn  2+(aq,  0.01  M),  H f  (aq,  0.01  M)  |  Pt 

Given:  E°  =  1.51V 

Mn04|Mn2+ 

(a)  1.54  V  (b)  1.48  V  (c)  1.84  V  (d)  none  of  these 

13.  Copper  reduces  NOa  into  NO  and  N02  depending  upon  concentration  of  HN03  in  solution. 

Assuming  [Cu  ]  —  0.1  M,  and  — 10  3  bar.  At  whiclr  concentration  of  HN03, 

thermodynamic  tendency  for  reduction  of  NO 5  into  NO  and  NG2  by  copper  is  same? 


(d)  None 


[Given  :  £' 

Cu 

(a)  101 23  M 


2+,Cu  =  +  0.34  volt, 

,0.56 


Eno3|no  =+  0.96  volt. 


(b)  10°-56  M 


(c)  100  66  M 


*no5|no2  -+  0-79 volt] 
(d)  10° 12  M 


14.  For  the  cell,  Pt|Cl2(g,  0.4  bar)  |C1  (aq,  0.1  M)  | [ Cl  (aq,  0.01  M)  |Cl2(g,  0.2bar)  |Pt 
The  measured  potential  at  298  K  is: 

(a)  0.051  V  (b)  -0.051V  (c)  0.102  V  (d)  0.0255  V 

15.  The  chlorate  ion  can  disproportionate  in  basic  solution  according  to  reaction, 

2C103  4^  CIO  2  +C104 

What  is  the  equilibrium  concentration  of  perchlorate  ions  from  a  solution  initially  at  0  1  M  in 
chlorate  ions  at  298  K? 


Given 
(a)  0.019  M 


=  0  36  V  and  E°  =  °-33*v  ^  298  K 

CIO4ICIO3  CIO3  |  Cll>2 


(b)  0.024  M 


(c)  0.1  M 


(d)  0.19  M 


16.  A  cell  diagram  shown  below  contains  one  litre  of  buffer  solution  of  HA(pfC0  =  4)  and  NaA  in 
both  compartment.  What  is  the  cell  c.m.f.? 


(a)  0.03  V  (b)  0.06  V  (c)  -0.06  V  (d)  None  of  these 

17.  Given  the  cell :  Cd(s)|Cd(OH)2(.s)|NaOH(aq,  0.01  M) |H2(g,  1  bar)|  Pt(s) 

with  Ecel,  =  0.0  V.  If  2,  =  - 0.39  V,  then  Ksp  of  Cd(OH2)  is  : 

(a)  0.1  (b)  10'13  (c)  10“15  (d)  None  of  these 

18.  Calculate  the  e.m.f.  (in  V  )  of  the  cell : 

Pt  |  H  2  (g  )  1 80H(aq )  1 1  HA  I (< a< q)  | H  2  (g  )  |  Pt; 

0.1  bar  1 M  0.1  M  1  bar  ' 

Given  :  Ka  (HA)  =  10"7 ,  Kb (flOH)  -  10"s 

(a)  0.39  V  (b)  0.36  V  (c)  0.93  V  (d)  None  of  these 

19.  Calculate  the  potential  of  a  half  cell  having  reaction  :  Ag  2S(s)  +  2e~  2Ag(s)  +  S2"  (aq) in 
a  solution  buffered  at  pH  -  3  and  which  is  also  saturated  with  0.1  MH2S(aq)  : 

[Given:  K „  (Ag2S)  =  10"49,  10"21  ] 

(a)  1.18  (b)  0.39  (c)  -0.19  V  (d)  none  of  these 

20.  The  conductivity  of  0.1  WNaOH  solution  is  0.022  S  cm"1.  When  equal  volume  of  0.1  AT  HCI  solution 
is  added,  the  conductivity  of  resultant  solution  is  decreases  to  0.0055  S cm"1.  The  equivalent 
conductivity  in  S  cm  Equivalent"1  of  NaCl  solution  is  : 

(a)  0.0055  (b)  0.11  (c)  1.10  (d)  None  of  these 

21.  In  above  question  after  formation  of  NaCl,  further  0.1  N  HCI  is  added,  the  volume  of  which  is 

double  to  that  of  the  first  portion  added,  the  conductivity  increases  to  0.018  Son"1.  The  value 
of  Acq  (HCI)  is  [assume  no  change  in  conductivity  of  NaCl  (oq)]  : 

(a)  330  S  cm2eq-1  (b)  305  S  cm  2eq_1 

(c)  415  S  cmEq"1  (d)  360  S  cm  2eq_1 

22.  Given  the  following  molar  conductivities  at  25°C HCI,  426  Q"1  cm2mol"1;  NaCl, 
126fi“1  cm2mol-1;  NaC  (sodium  crotonatc),  8 3 fl "'em 2 mol"1.  What  is  the  ionization 

constant  of  crotonic  acid?  If  the  conductivity  of  a  0.001  M  crotonic  acid  solution  is 
3.83  x  10"s  11  "Em"1  ? 

(a)  10“5  (b)  1.11  x  10"s  (c)  1.11  x  10*4 


(d)  0.01 


23.  Equivalent  conductivity  of  BaCl2,  H2S04  and  HC1,  are  xu  x2  and  x3  Scm-1eq-1  at  infinite 
dilution.  If  conductivity  of  saturated  BaS04  solution  is  x  Scm-1,  then  Ksp  of  BaS04  is  : 
500x  .. „  106x2 


(a) 

(0 


(aTj  +  x2  -  2x3) 
2.5  x  105x2 
(Xj  +  x2  -x3)2 


(b) 


(d) 


(xx  +  x2  -  2x3  ) 3 
0.25x2 
(*1  +  x2  -x3)2 


24.  The  conductivity  of  0.001  M  Na2S04  solution  is  2.6  x  10"1  Scm"1  and  increases  to 
7-0  x  TO'4  Scm-1,  when  the  solution  is  saturated  withCaS04 .  The  molar  conductivities  of  Na+ 
and  Ca2~  are  50  and  120Scm2mor1,  respectively.  Neglect  conductivity  of  used  water. 

What  is  the  solubility  product  of  CaS04? 

(a)  4  x  10-6  (b)  1.57  x  10-3 

(c)  4  x  10^  (d)  2.46  x  10-6 


25.  The  ionization  constant  of  a  weak  acid  is  1.6  x  10  5  and  the  molar  conductivity  at  infinite 
dilution  is  380  x  10-4  S  m2mol-1.  If  the  cell  constant  is  0.01  m-1  then  conductance  of  0.01  M 
acid  solution  is  : 

(a)  1.52  x  10-5  S  (tO  1.52  S 

(c)  1.52  x  10-3  S  (d)  1.52  x  10“*  S 


26.  Three  electrolytic  cells  X,  Y,  Z  containing  solution  of  NaCl,  AgN03  and  CuS04  respectively 
are  connected  in  series  combination.  During  electrolysis  21.6  gm  of  silver  deposite  at  cathode 
in  cell  Y.  Which  is  incorrect  statement. 


(a)  6.35  gm  copper  deposite  at  cathode  in  cell  Z 

(b)  2.24  litre  Cl2  liberated  at  1  atm  and  273  K  at  cathode  in  cell  X 

(c)  2.24  litre  Oa  liberated  at  1  atm  and  273  K  at  anode  in  cell  Y 

(d)  2.24  litre  H2  liberated  at  1  atm  and  273  K  at  cathode  in  cell  X 

27.  During  electrolysis  of  H2S04  (aq)  with  high  charge  density,  H2S208  formed  as  by  product.  In 
such  electrolysis  22.4  L  H2(g)  and  8.4L02(g)  liberated  at  1  atm  and  273  K  at  electrode.  The 
moles  of  H2S208  formed  is  : 

(a)  0.25  (b)  0.50  (c)  0.75  (d)  1.00 

28.  Zn (s)  j  Zn(CN)2-(0.5M),  CN-(0.01)  ||  Cu(NH3)2+(0.5M),  NH3(1M)  |  Cu(s) 

Given:  Kf  of  Zn(CN)42  =  1016  ,  Kf  of  Cu(NH3)^+  =  1012  , 


^Zn|Zn+2 


=  0.76V  ; 


E 


Cu+2|Cu 


The  emf  of  above  cell  is  : 

(a)  1.22  V  (b)  1.10  V 


0.34V  , 


2303iiT,0.06 

F 


(c)  0.98  V 


(d)  None  of  these 


, 

i  sm 

3-b. 

pcs8r.ec 
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•  Cu(s) 


A  Galvanic  cell  consist  of  three  compartment  as  shown  in  figure.  The  first  compartment  i 
contain  ZnS04(l  Af)  and  III  compartment  contain  CuS04 (1  M).  The  mid  compartment  ! 
contain  NaN03(l  Af ).  Each,  compartment  contain  1  L  solution  : 

E“  2+  ,  ----0.76;  r  j.  r  =  +  0.34  i 

Znz+/Zn  Cuz  /Cu 

1.  The  concentration  of  Zn2f  in  first  compartment  after  passage  of  0.1  F  charge  will  be  : 

(a)  1  Af  Cb)  1.05  Af  (c)  1.025  M  (d)  0.5  Af 

2.  The  concentration  of  N03  in  mid  compartment  after  passage  of  0.1  F  of  charge  will  be  : 

(a)  0.95  Af  (b)  0.90  Af  (c)  0.975  M  (d).1.05Af 

3.  The  concentration  of  S04~  ion  in  III  compartment  will  be  : 

(a)  1.05  Af  (b)  1.025  Af  (c)  0.95  Af  (d)  0.975  Af 

i 

PCS8CGE  2 

The  cel!  potential  (Ecp„ )  of  a  reaction  is  related  as  AG  =  -  nF  Ecell ,  where  AG  represents  max. 
useful  electrical  work 

n  -  no.  of  moles  of  electrons  exchanged  during  the  reaction  1 

for  reversible  cell  reaction  d(AG)  « (ArV)dp  ■  (ArS).  dT  ; 

at  constant  pressure  d(AG)  ?=-.  -  (ArS)  •  dT 

.  v  At  constant  pressure  AG  -  AH  ~  T  ■  AS  ...(1) 


AG  -  AH  +  T 


(  d(AG) 
[  dT 


...(2) 


d£cell 

It 


is  known  as  temperature  coefficient  of  the  e.m.f  of  the  cell 


,  1.  The  temperature  coefficient  of  the  e.m.f.  of  cel],  j  js  given  by  : 

(a)  S  •  W  £  (c)  *L 

AS  nf  nFT 

2.  At  300  K,  A II  for  the  reaction 

Zn(s)  +  AgCl(s) - >  ZnCl2  (aq)  +  2Ag(s)  is 

-218  kJ/mol  while  the  e.m.f.  of  the  cell  was  1.015  V  f —1  c 


(d)  -nFE 


-218  kJ/mol  while  the  e.m.f.  of  the  cell  was  1.015  V  —  of  the  cell  is  • 

U  T)p 

(a)  -4.2  x  lO^VK'1  (b)  -  3.81  x  10^  VK'1 

(c)  0.11  VK-1  (d)  7.62  x  10^  VK'1 

3.  Colculate  AS  for  the  given  cell  reaction  in  Q.  no.  2  : 

(a)  -73.53  J/K  mol  (b)  83.53  J/Kmol  (c)  lOOJ/Kmol  (d)  none  of  these 


PASSAGE  3) 

Molar  conductivity  (A m)  is  defined  as  conducting  power  of  the  ions  produced  by  1  mole  of 
an  electrolyte  in  a  solution.  Am  =  ~  where  k  is  conductivity  (in  Scm  2mol-1 )  and  C  is  molar 
concentration  (in  mole/ cm3) 

The  molar  conductivity  of  0.04  M  solution  of  MgCl2  is  200  Scm3mol"1  at  298  K.  A  cell  with 
electrodes  that  are  2.0  cm2  in  surface  area  and  0.50  cm  apart  is  fiUed  with  MgCl2  solution. 

1.  Conductance  of  MgCl2  solution  is  : 

(a)  8x10  S  (b)  32  S  (c)  0.032  S  (d)  None  of  these' 

2.  How  much  current  will  flow  when  the  potential  difference  between  the  two  electrodes  is  5.0  V? 

(a)  156.25  A  (b)  0.16  A  (c)  160  A  (d)  None  of  these 

/ 

PASSAGE  4  : 

In  a  hydrogen  oxygen  fuel  cell,  electricity  produced.  In  this  process  H2(g)  is  oxidised  at  anode 
and  02(g)  reduced  at  cathode. 

Given  :  Cathode  02(g)  +  2H2O(0  r 4e‘ - >40H'(aq) 

Anode  H2(g)  +  20H  ‘  (aq) - ► 2H2O(0  +  2e" 

4.48  lirre  H2  at  1  arm  and  273  K  oxidised  in  9650  sec. 

1.  The  current  produced  is  (in  amp)  : 

(a)  1  amp  (b)  2  amp  (c)  4  amp  (d)  8  amp 

2.  The  mass  of  water  produced  is  : 

(a)  7.2  gm  (b)  3.6  gm  (c)  1.8  gm  (d)  0.9  gm 

3.  If  current  produced  in  fuel  cell,  use  for  the  deposition  of  Cu+2  in  1  L,  2Af  CuS04  (aq)  solution 
for  241,25  sec  using  Pt  electrode.  The  pH  of  solution  after  electrolysis  is  : 

1  (b)  2  (c)  3  (d)  4 


!  PASSAGE 


A  saturated  solution  in 


AgX(ffsp  =  3xl0-12)  and  AgY(Ksp  =1CT12)  has  conductivity 


a4xl0'6n'1cm‘1. 

Given  :  Limiting  molar  conductivity  of  Ag+  =  60  fl  1  cm  2  mol 
Limiting  molar  conductivity  of  X  —  90  Q  cm  mol 


1.  The  conductivity  of  X  is  (in  Q  "'em  x)  : 

(a)  1.45  x  10~7  CM  145  *  10  5 

(c)  1.45  x  10’9  Cd)  None  of  these 

2.  The  limiting  molar  conductivity  of  Y~  is  (in  Q  1  cm2  mol  )  : 

(a)  290  (b)  2900  (0  2.90  (d)  None  of  these 


ONE  OR  MORE  ANSWERS  IS/ARE  CORRECT 

1.  If  the  e.m.f  of  a  galvanic  cell  is  negative,  it  implies  that : 

(a)  the  cell  reaction  is  spontaneous 

(b)  the  cell  reaction  is  non-spontaneous 

(c)  the  cell  reaction  is  exothermic 

(d)  the  cell  is  working  in  reverse  direction 

2.  Select  right  statement^)  about  electrolysis  : 

(a)  Electric  current  is  used  to  drive  a  non-spontaneous  reaction 

(b)  AG  is  positive  for  chemical  process  during  electrolysis 

(c)  Cations  and  anions  are  moved  toward  the  anode  and  cathode  respectively 

(d)  Over  voltage  is  generally  associated  with  evolution  of  02  gas 

3.  If  the  half-cell  reaction  A  +  e~  - >  A"  has  a  large  negative  reduction  potentials,  it  follows 

that: 

(a)  A  is  readily  reduced  CM  >1  is  readily  oxidised 

(c)  A”  is  readily  reduced  Cd)  A  is  readily  oxidised 

4.  Which  of  the  following  statement  is  correct? 

If  E«u2+|Cu  =  0.34V  and  £|n2+1Sn  =- 0.136V,  *V|h2  =  _00V 

(a)  Cu2+  ions  can  be  reduced  by  H2(g)  (b)  Cu  can  be  oxidized  by  H+ 

(c)  Sn*  ions  can  be  reduced  by  H2  (d)  Sn  can  be  oxidized  by  Cu2+ 

5.  The  oxidation  potential  of  hydrogen  half-cell  will  be  negative  if : 

(a)  p(H2)  =1  atm  and  [H+]  =  1  JVf  CM  p(H2)  =  1  atm  and  [H+]  =  2M 

(c)  p(H2)  =  0.2  atm  and  [H+]  =  1 M  (d)  p(H2)  =  0.2  atm  and  [H+]  =  0.2  M 

6.  Which  of  the  following  arrangement  will  produce  Oxygen  at  anode  during  electrolysis? 

(a)  Dilute  H2S04  with  Pt  electrodes 

(b)  Fused  NaOH  with  inert  electrodes  • 


(c)  Dilute  H2S04  with  Cu  electrodes 
,M)  Concentrate  aq.  NaCl  with  Pt  electrodes 

7.  When  an  aqueous  concentrate  solution  of  lithium  chloride  is  electrolysed  using  inert 
electrodes  : 

(a)  Cl  2  is  liberated  at  the  anode 

(b)  Li  is  deposited  at  the  cathode 

(c)  as  the  current  flows,  pH  of  the  solution  around  the  cathode  remains  constant 

(d)  as  the  current  flows,  pH  of  the  solution  around  the  cathode  increases 

8.  Oxygen  and  hydrogen  gas  are  produced  at  the  anode  and  cathode  during  the  electrolysis  of 
fairly  concentrate  aqueous  solution  of : 

(a)  K2S04  ^  (b)  AgN03  (c)  H2S04  (d)  NaOH 

9.  During  the  purification  of  copper  by  electrolysis  : 

(a)  the.  anode  used  is  made  of  copper  ore 

(b)  pure  copper  is  deposited  on  the  cathode 

(c)  the  impurities  such  as  Ag,  Au  present  in  solution  as  ions 

(d)  concentration  of  CuS04  solution  remains  constant  during  dissolution  of  Cu 

10.  When  a  lead  storage  battery  is  discharged  : 

(a)  S02  is  evolved 

(b)  lead  sulphate  is  produced  at  both  electrodes 

(c)  sulphuric  acid  is  consumed 

(d)  water  is  formed 

11.  Which  of  the  following  is  characteristic  of  the  cathode  in  a  voltaic  cell? 

(a)  It  may  gain  weight  during  reaction 

(b)  Electrons  flow  to  it  through  the  external  circuit 

(c)  It  is  where  oxidation  occurs 

fd)  It  received  electrons  from  ions  in  solution 

12.  In  an  electrochemical  process,  a  salt  bridge  is  used  : 

(a)  to  maintain  electrical  neutrality  in  each  solution 

(b)  to  complete  the  external  circuit  so  that  current  can  flow  for  long  time 

(c)  to  mix  the  solution  of  anodic  and  cathodic  compartment 

\  ■  (d)  to  supply  voltage 

13‘  equal  “  3  ““  1116  ValUe  °f  “AG°  at  Ceitain  temPe™™e  is  not  necessarily 

(a)  nFE°  RTlnK  (c)  T-AS°-AH°  (d)  zero 

Standard  electrode  potential  of  two  half-reactions  are  given  below  : 


If  Fe24" ,  Fe24  and  Fe  are  kept  together  : 
(a)  the  concentration  of  Fe3i  increases 
(c)  the  mass  of  Fe  increases 


E°=-  0.44  V 
2s°=  +  0.77  V 

(b)  the  concentration  of  Fe24'  decreases 

(d)  the  concentration  of  Fe2+  decreases 


15.  Which  of  the  following  statements  are  correct  regarding  to  galvanic  cell? 

(a)  A  reaction  is  spontaneous  from  left  to  right  if  £ceu  >0 

(b)  A  reaction  occurs  from  right  to  left  if  £ceu  <  0 

(c)  if  the  system  is  at  equilibrium  no  net  reaction  occurs 

(d)  Ecei,  is  temperature-independent 

16.  Which  of  the  following  are  concentration  cells? 

(a)  Pt|H2(g)|HCl[H2(g)|Pt  (b)  Cd,(Hg)|Cd  +|(Hg),Cd 

■Pi  ^ 2  ^ 


(c)  Zn(s)  |  Zn  2+ 1 1  Cu  ^  |  Cu 


(d)  Ag|AgCl|  cr  (aq)  ||  Br  (aq)  |AgBr|Ag 

Cl  C2 


17.  In  electrolyte  concentration  cell :  '  , 

(a)  the  electrode  material  and  the  solution  in  both  half-cells  are  composed  of  the  same 

substances  . 

(b)  only  the  concentrations  of  solutions  of  the  same  substances  is  different 

(c) ^u=0  f  0  0591^ 

(d)  the  Nemst  equation  reduces  to  Ece]i  =  -  — - —  log  Q  at  25°c 


18.  The  standard  electrode  potential  of  a  metal-metal  ion  (Ag|Ag  )  and  metal-sparingly  soluble 

salt  anion  (Ag|AgCl|Cl_ )  are  related  as  : 

RT  „  not  17°  =  E».  +EL]nK^ 


(a)  E°+l 


J  cr|AgCl|Ag 


®  Ea_|AgCl|Ag  EAg+|Ag 


^  ECr|AgCl|Ag  ^Ag+|Ag 


—  In  [50 
F  Ksp 


RT,  K*p 

F  °  =E  a. - In - 

W  Cl'|AgCl|Ag  Ag+|Ag  p  I-Q-- 


19. 


20. 


21. 


22. 


Which  of  the  following  units  is  correctly  matched? 

(a)  SI  units  of  conductivity  is  S  m_1 

(b)  SI  units  of  molar  conductivity  is  S  cm2mol" 

(c)  SI  unit  of  conductance  is  S'1 

(d)  All  of  these 

Which  of  the  following  statements  is/are  correct?  i 

(a)  The  conductance  of  one- cm3  (or  1  unit3)  of  a  solution  is  called  speci  c  con  uctance 

(b)  Specific  conductance  increases  while  molar  conductiyity  decreases  on  progressive 

(c)  The  limiting  equivalent  conductivity  of  weak  electrolyte  cannot  be  determine  exactly  by 
extraplotation  of  the  plot  of  Aeq  against  4c 

(d)  The  conductance  of  metals  is  due  to  the  movement  of  free  electrons 

Which  is/are  correct  statement  ? 


(a)  No  corrosion  takes  place  in  vacuum 

(b)  corrosion  protecting  by  electroplating 


c)  During  rusting  Fe203  •  xH20  formed 

d)  In  presence  of  electrolyte,  corrosion  takes  place  with  greater  rate 

,  dilute  solution  of  KCl  was  placed  between  two  Pt  electrode  10  cm  apart  across  which  a 
.otential  difference  of  10  volt  was  applied.  Which  is/are  correct  statement  (Given  .  molar 
onductivity  of  K+  at  infinite  dilution  is  96.5  Scm  mol  .) 


Which  is/are  correct  statement  ? 

(a)  Ionic  mobility  of  K+  is  1CT3  cm2  sec"1  volt"1. 

,  ,  (b)  The  speed  of  K+  is  10'3  cm  sec*1. 

(c)  Distance  travelled  by  K+  is  5x  103  sec  is  5  cm. 

(d)  The  potential  gradient  is  1.0  volt  cm-1. 

23.  Given  :  Pt(s)  J  H2fe)  |  0.1M  NH4OH(aq)  ||  0.1MCH3COOH(aq)  |  H2fg)|Pt(s) 

1  bar 

P^h (NH4OH)  =  5;  pKa (CH3COOH)  =  5;  -23°3R7~  =  0.06 

Volume  of  0.1  M  NH4OH  in  anode  half  cell  =  100  mL, 

Volume  of  0.1M  CH3COOH  in  cathode  half  cell  =  100  mL 
Which  is/are  correct  statement  ? 

(a)  The  emf  of  given  cell  is  0.48  V 

Cb)  The  emf  of  given  cell  is  0.36  V  when  50  mL,  0.1  M  NaOH  added  to  cathode  compartment 

JS  Cmf  °/  g,VCn  Cf  IS  °-36  V  when  50  mL  01  M  HC1  added  to  anode  compartment 
d )  The  emf  of  gtven  cell  ts  0.192  V  when  100  mL  0.1  M  NaOH  added  to  anode  compartment 

24.  Gtven  :  Pt(s)  |Cl2(g)  |  Cl'CC,)  ||  Cl* (C2)  |  Cl2(g)|  Pt(s) 

Pi  atm  p2  a[m 

Identify  in  which  of  following  condition  working  of  cell  takes  place  : 

(a)  C,  >C2  and  P,  =  P2  (b)  P2  >  p,  and  Cj  =  C2 

(c)  Cj  <  C2  and  P3  =  P2  (d)  ^  c ^  =  c 

25‘  ^900  mL1MCuSO4(«<j)  is  electrolysed  by  9.65  amp  current  for  100  sec  using  Pt-electrode 
Which  is/are  correct  statement  ?  5  troae. 

(a)  Blue  colour  intensity  decreases  during  electrolysis. 

05)  Blue  colour  intensity  remains  constant  if  Cu-electrode  used. 

(c)  pH  of  solution  is  8  after  electrolysis. 

e?ectr8olysis.0fCH4  *  *  ^  ^  *  reqUired  t0  iK  combustion  by02,  liberated  during 


MATCH  THE  COLUMN 

fome^Uriesaof  CotomT^ four  entries  each.  Entries  of  Column-I  are  to  be  matched  with 
the  same  entfes otSmn  I?  °ne  °f  C°,Umn-1  may  have  1116  matchinS 


(A)  Dilute  solution  of  HC1 

(B)  Dilute  solution  of  NaCl 

(C)  Concentrate  solution  of  NaCl 

(D)  Fairly  concentrate  solution  of  AgN03 


(P)  02  evolved  at  anode 

(Q)  H2  evolved  at  cathode 

(R)  Cl  2  evolved  at  anode 

(S)  Ag  deposition  at  cathode 


t 


Column-I 

If  SOP  of  substance  is  exist  between 
-1.23  to  -0.81  V 

If  SOP  of  substance  is  exist  between 
-0.81  V  to  -0.40  V 
If  SOP  is  less  than  -1.23  V 

If  SOP  is  greater  than  -0.40  V 

Column-I 

F2  +  2e~  ^  2F" 

Cl 2  +  2e‘  ^  2C1" 

Br2  +  2e~  Br" 

i  I,  +  2c'  2BP 


Column-I 


PtjFe*,  Fe* 
Pt|H2|H+ 
Pt|Hg|Hgf 
Pb|PbS04|S05' 


Column-I  (Property) 


(A)  Conductance 

(B)  Conductivity 

(C)  Molar  conductivity 

(D)  Resistivity 


Column-I  (Ion) 


(A)  H* 

(B)  Na+ 

(C)  Li+ 

(D)  C.s+ 


1  J  Column-B  J 

(P)  Oxidation  of  substance  is  not  possible 

t  (Q)  Oxidation  possible  only  in  acidic  medium 

(R)  Oxidation  possible  in  any  medium 

(S)  Oxidation  easily  takes  place 

[  Column-II  (SRP)  | 

(P)  0.54 
;(Q)  1-09 
(R)  1.36 
j(S)  2.87 

”j  p  "  Column-II  "  | 

,  I  (P)  Metal-metal  ion  half-cell 

(Q)  Gas-gas  ion  half-cell 

(R)  Oxidation-reduction  half-cell 

'  (S)  Metal  sparing  soluble  salt  half-cell 

“j  |  Column-n  (Unit)  ~| 

(P)  Sm-1 

(Q)  S-1m 

'  (R)  Sn^mol'1 

(S)  S  _ 

“]  |  Column-n  (Molar  Conductivity)  j 

•  '(P)  350 
l(Q)  50 

(R)  39 

(S)  77 


Column-I 


(A)  Galvanic  cell 

(B)  Electrolytic  cell 


j  Column-n 

(P)  Used  in  space  craft 

(Q)  No  transformation  of  electrical  energy 
into  chemical  energy 


(C)  Dead  battery 

(D)  Fuel  cell 


(R)  Cell  reaction  is  spontaneous 
k  (S)  Cell  reaction  is  non-spontaneous 


(3  ASSERTION-REASON  TYPE  QUESTIONS 


Each  question  contains  STATEMENT- 1  (Assertion)  and  STATEMENT-2  (Reason) 
given'below  .stattmenK  carefi,U>'  “d  mark  A'  answer  according  to  the  instructions 

W  SmTCMEm'.lS'at™enB  ™UE  “d  correct  explanation  of 

(B)  SwShotT""’'”'5  ar<!  ^  bU‘  SWEMENT2  is  NOT  the  correct  explanation  of 

(C)  If  STATEMENT- 1  is  TRUE  and  STATEMENT-2  is  FALSE 

(D)  If  STATEMENT-1  is  FALSE  and  STATEMENT-2  is  TRUE 

1.  STATEMENT-1  :  ££„  is  negative  for  electrolytic  cell. 

STATEMENT-2  :  AG°  is  +ve  for  electrolytic  cell. 

2.  STATEMENT-1  :  When  2  faraday  of  electricity  is  passed  through  0.1  M  HaSO.  (aq)  112 
litre  02  evolved  at  STR 

STATEMENT-2  :  Molecular  weight  of  oxygen  is  32. 

3.  STATEMENT-1  :  Copper  is  dissolved  at  anode  and  deposited  at  cathode  when  Cu 

electrodes  are  used  and  electrolyte  is  1  M  CuS04  (aq)  solution. 

STATEMENT-2  :  SOP  of  Cu  is  less  than  SOP  of  water  and  SRP  of  Cu  is  greater  than  SRP  of 
water. 

4‘  STATCMENT2  !  J  fOU!?mb  eltCtridty  dep0SitS  1  8-equivalent  of  a  substance. 

5>  I  ATEMENT-2  :  1  faraday  is  charge  on  1  mole  of  electricity. 

5’  sTATCltSS  !  Rf  T  0f  SUbStanC1 iS  "  0  3  V)  it>S  reduction  is  P°ssible  at  cathode. 

2  .  Reduction  potential  of  water  exist  between  0  to  -0.8274  V  at  25°C 

6.  STATEMENT-1  s  If  SRP  of  substance  is  -0.S  V  then  reduction  of  substance  is  possible  only 
in  basic  medium.  J 

7  ctato!Z£1  '  ^  °f,Wa,er  “  “°'8274  V  and  at  reduaio"  ',0Kntial  is  at  pH  =  7 
STATEMENT  ^  !  ^t!  h  ^  °f  ““  rcmainS  constam  ,0r  lo"*er  P*™d  °f  «">=• 

SI  ATEMENT-2  :  It  is  because  net  cell  reaction  does  not  involve  ions. 

8*  J  ^ad  St°Jrage  battery  is  a  Satanic  cell  without  salt  bridge. 

STATEMENT-2  :  A  secondary  cell  is  rechargeable  cell. 

9.  STATEMENT-1:  The  SRP  of  three  metallic  ions  A,  B,  C  are  -  0.3,  -  0.5,  0.8  volt 

ctatemvmt  O  uSP1ecnve'y'  SO  0Xldlzmg  power  of  ions  is  C  >  A  >  B. 

STATEMENT-2  :  Higher  the  SRR  higher  the  oxidizing  power. 

10.  STATEMENT-1  :  If  SOP  of  substance  is  less  than  -1.23  V  and  over  voltage  =  0V  then  it’s 

STATEMENT  o  .  S“T°!J  injt,s  aqueous  solution  is  not  possible  at  298  K. 

» l ATEMENT-2  .  Standard  reduction  potential  (SRP)  of  water  is  +  1  23  V 

11.  STATEMENT-1  :  Weoannot  add  the  electrode  potential  in  order  to  get  electrode  potential 
•  of  third  electrode  if  no.  of  moles  of  electrons  exchanged  are  not  same. 


STATEMENT-2  : 

12.  STATEMENT-1  : 

STATEMENT-2  : 

13.  STATEMENT-1  : 
STATEMENT- 2  : 

14.  STATEMENT-1  : 
STATEMENT-2  : 

15.  STATEMENT-1 
STATEMENT-2 


Electrode  potential  is  an  extensive  property. 

E 0  u  =0  for  a  chloride  ion  concentration  cell. 

..  .  „  rt  [crims 

For  this  concentration  cell  where  Eccl|  -  —  in  — r TT 

n*  IM  Jrhs 

if  f  ^”0  >  0  for  a  cell  reaction  then  AS  is  positive. 

I  dT  )p 

“■Mil 

Molar  conductivity  increases  with  decrease  in  concentration  for  weak 

electrolytes.  ,  . 

No.  of  ions  increases  and  no.  of  ions  per  unit  volume  decreases  due  to 

dilution.  '  "  ' 

Conductivity  decreases  with  the  decreases  in  conc^ation  both  the  weak 

Nod rfiSfs^runiTvolume  linearly  decreases  in  both  electrolyte-..^ 


1.  How  many  faradays  are  required  for  reduction  of  1  mol  C„HsNOj  mto  C6HSNH2  . 

2.  What  is  the  equivalent  weight  of  02  in  the  following  reaction,  H20  +  -02  +  2e  — » 

3.  The  amount  of  electricity  which  releases  copper  sulphate  Tolution.  What  is 

dissolves  0.9678  of  copper  63.5  An  - 197) 

4.  "mXn"  electrolysed^for  5  mm  w,th9.65A  current,  0.72g  of  the  me, a,  was 
deposited. 

5.  cenriated  brine  solution.  Calculate  the  moles  of  chlorine  gas, 

produced  by  the  passage  of  4F  electricity. 

6.  Calculate  the  cell  potential  (in  V)  if  AC  -  -965KJ/mol  and  n  =  1. 

7.  If  Kc  for  the  reaction 

Cu2+(aq)  +  Sn2+(aq) - >  Sn4+ (aq)  +Cu(s) 

at  25°C  is  represented  as  y  x  109  then  find  the  value  of  y . 

(Given  :  ECu2+,Cu  =0-34V’£sn4i|sn2*  -0,15V^ 

8.  It  AG°  for  tire  half  cell  MnO'.l  MnO,  in  an  acid  solution  is  *F  then  find  the  value  of  X. 

n°  ■  —  15V*E°  ’  •  2+  =  1.25V)  • 

(Given  :  E  0-,M  2.  “  v ’CMn02|Mn2+  ,.  ,  . 

„  the  equilibrium  constant  for  tire  reaction  Cd»(*>.  4NH3<aq)  -  CdfNHs*  (o,)  - 
then  find  the  value  of  x. 

(Given  :  £^2..^  =-°04V>£ai(NH3)5+|cd  _-0' 


One  or  More  Answers  is/are  correct 


1. 

(b,d) 

2. 

(a,b,d) 

3. 

(d) 

4. 

(a.d) 

5. 

(b,c) 

6.  (a,b) 

7. 

(a,d) 

B. 

(a,  c,  d) 

9. 

(a.b.d) 

10. 

(b,c,d) 

11. 

(a,b) 

12. 

(a) 

13. 

(b.d) 

14.  (b) 

15. 

(a.b.c) 

16. 

(a,b,d) 

17. 

(a,b,c,d) 

18. 

<b) 

19. 

(a) 

20. 

(a,c,d) 

21. 

(a.b.c.d) 

22.  <a,b,c,d) 

23. 

(a,b,c) 

24. 

<a,b) 

25.  (a,b,d) 


Match  the  Column 


1. 

A  P,  Q; 

B  ->  P,  Q;  C  Q,  R; 

D  ->  P,  S 

2. 

A  — ►  Q; 

B->R;  C->  P; 

D  — >  S,  R 

3. 

A  — ►  Sj 

B->R;  C->Q; 

D->  P 

4. 

A  — >  R; 

B-»  Q;  C  ->  P; 

D  S 

5. 

A  — ►  Sj 

B-+P;  C  -►  R; 

D  — ►  Q 

6. 

A  ->  P; 

B-»  Q;  C  R; 

D  — >  S 

7. 

A  — ►  Q,  Rj 

B— ►  S;  C  — »  Q; 

D->P,  Q,  R 

Assertion-Reason  Type  Questions 


1.  (A) 

2.  (B) 

3.  (C) 

4.  (D) 

5.  (A) 

6.  (C) 

7.  (A) 

8.  (B) 

9.  (A) 

10.  (C) 

11.  (C) 

12.  (B) 

13.  (C) 

14.  (A) 

15.  (C) 

Subjective  Problems 

1.  6 

2.  8 

3.  3 

4.  6 

5.  2 

6.  1 

1.  6 

8.  5  ; 

9.  7 

10.  7 

11.  3 

12.  8 

13.  4 

14.  4 

15.  7 

\ 

i 


Hints  and  Solutions 


Level  1. 

6.  (c)  1  F  =  96500  C, 


1C  = 


6.023  xlO23 


=  6.24  xlO18 


10. 


,  ,  0.55  „ 

w  If*3- 


96500 
0.55  x  100  x  60 


96S00 


=>  M=48.25g/moI 

13.  (c)  W  -  Jxt  ■  0195  x4  5x60x60x7 
£  96500’  195  X  96500 

7  =  21.44 

15.  (d)  When  1  mote  of  e~  passed,  wt.  of  substance 
deposited 


lx  6.023  xlO23 
1.81  xlO23  ^ 


3.34  g  =  eq.  wt 


atomic  wt.  of  metal  =  3.34  x  3  =  10.03  g 


16.  (c)  1  mole  Mn304  lose 


H) 


x  3  =  10  mole 


e~;  so  total  charge  required  =  2xl0=>20F 

28*  (b)  Let  t  sec  be  used;  No.  of  faradays  =  ^ 

96500 

No.  of  moles  of  H20  =4,  no.  of  equivalents 
of  H20  =4x2 
_4xt 

96500 

=>  t  =1. 93x10s 

29.  (c)  only  Au3+,  Ag+  and  Cu2+  will  deposit  at 

cathode. 

Li  will  not  deposit  at  cathode  because  SRP  of 
water  is  -0.8274  V  so  after  Cu2+;  H2  will 
evolve  at  cathode. 

30. -  (d)  —  x  2  =  ~  x  30  x  60 

M  96500 

moles  ofSn2+  reduced  =  0.043 

Initial  moles  of  Sn2+  =  0.5  x  0.6  =>  0.30; 
remaining  moles  of  Sn2+  =  0.30  -  0.043 


[Sn2+] 


2+i  _  0  257 
0.5 


=  0.514  M 


32.  (d)  Initial  moles  of  Cr3+  =  0.25  x  0.2^.  0.05; 

final  moles  of  Cr3+  =0.25x0.1  0.025 

moles  ofCr3+  reduced, 

0.05-  0.025=*  0.025; 

•••  eq.  ofCr3*  reduced,  0.025  x  3  =  —  96-5- 

96500 


34.  (a 2*2? 
M  96500  184 

40  x  60x1.0 


i  -  /d  sec 


xn 


96500 


n  =  6 


38.  (d)  no.  of  eq  =  no.  of  F  = - -x8=>65.3 

122.5 

An  t  \W  1930x0.75 

40‘  (a)T^~  96500  :  V/  =  0105«m 

41.  (a)  equivalents  of  Cl2  produced 

1000  x  9.65  x  3600 


96500 

moles  of  Cl 2  =  180 

nRT  180  x  0.0821  x  300 


=  360 


so 


P 

=  2463  L 


1.8 


42.  (c)  No.  of  equivalent  of  H2  produced  =  Eq.  of  02 
_  I  Xt  _  30x193x60 
~  96500  96500 

=  3.6 

vol.  of02  and  H2  produced  are 
=  3.6  x  5.6+  3.6  x  11,2 
=  60.48  litre 


43.  (d)  1  watt  =  1  J/sec;  1  kWh  =  --x/  —  (in  hr) 

1000 

Total  kWh  =  lO'3  xllO  xlO  xlO  =>  11 


Total  cost  =  11  x  2=>  22  Rs. 

45.  (b)  10  g  Cd  should  present  with  90  g  Hg. 

wt.  of  Cd  required  with  4.5  g  of  Hg  at 
cathode 

=  x4.5=>  0.5;  (Cd2  +  2e~  Cd) 


PROBLEMS  IN  CHEMISTRY 


146.  (b)  Ionic  molar  conductivity  of  H+  is  veiy  high 
and  NH4OH  is  a  weak  electrolyte. 

150.  (d)  Molar  conductivity  of  H+  and  OH"  are  very 
high  as  compare  to  other  ions. 

Initially  conductance  of  solution  sharply 
decreases  due  to  consumption  of  free  H+ 
then  increases  due  to  formation  of  salt 
(NaCNT)  and  After  complete  neutralization 
further  sharply  increases  due  to  presence  of 
OH" 

Level  2 

.i  ,  -  W  J  x  r|  xt 

1.  (b)  No.  of  equivalent  of  aluminum,  —  = 

24x5  9650  x  0.9  xt 

27  X  ~  96500 

t  =148.14  sec 

2.  (c)  At  Anode: 

2H20(D - ►  4H*  (aq)  +  02(g)  +  4e" 

At  Cathode  :  Ag+  (aq)  4*  e“ - >  Ag(s) 

Eq.  of  02  evolved  =  Eq.  of  Ag  formed  =>  0.1 

Total  loss  in  wt.  =  01  *  32  +  0.1  x  108 
4 

=>  0.8  +  10.8  =>  11.6 
wt.  of  final  solution  - 108  - 11.6  =>  96.4  g 
„  _ _ _ _ _  „ 


’+0.1  x  108 


3.  (d)  Equivalents  of  C02  produced  =  * 
0.5x0.8x96.5x60  , 


96500 


=  - - -  -  —  —  0.024 

96500 

moles  of  CO  2  (n  =  1)  produced  =  0.024 
moles  of  C2H6  (n  =  2)  produced 

=  0^1  =  0.012 

2 

Total  moles  of  gases  produced  =>  0.036 
nRT  0.036  x  0.0821  x  300 


=  0.91  litre 

4.  (d)  Total  volume  of  metal  layer 

=  0.25  x  0.32  xl0~3 

=>  0.08  x  10*3  m3 

Total  wt.  of  chromium  layer 

=  0.08  x  7.20  xlO6  xl0~ 

576  ,  /x  60 

- x  6  = - 

52  96500 

/  =  10.69  x  104  A 


5.  (a)  Initial  m  moles  of  Cu2+  =  5 

m-eq.  or  m- moles  of  H+  produced 
=  100xl0‘2=l 

=>  m- moles  of  Cu2+  converted  into 

Cu  =  i  =  0.5 
2 

m-moles  ofCu2+  remaining  in  solution 
=  5- 0.5  =  4.5 

2Cu2+  +  4r - ►  Cu2I2  +  I2 

and  I2  +  2NaS203  - ►  2Nal  +  Na^Oe 

m-moles  ofCu2+  remaining  =  m-moles  of 

/  Na2S203 


4.5  =  0.04  xV 


■sV  =  112.5  mL 


6.  (b)2H2O(0^  2H>(aq)+  20H*(a<j);  AG° 

2H<~(aq)  +  2e*  ^  H2(g); _ AG| 

2H2O(0  +2e"^  H2(g)  +  20H'(aq);  ArGf 

ArG|  —  +  AG2 

-2 xF  xE°  =  -RT  In  (10"26)-2xF  x0 

0.066.  /sl<~-26\ 

e  - log  ao 

2 

=  -0.858  V 

7.  (d)  To  find  n  we  break  the  cell  reaction  into  two 

half  cell  reduction 
Anode : 

13H20(Q - ►  6.502(g)+  26H+(aq. )+  26e* 

Cathode  : 

4C02(g)  +  26H+  (aq.  )+  26e* - *  C4H10(g) 

+  8H2O(0 

c„  AG°  (-2746)  x  1000  _109V 

nF  26  x  96500 

8.  (c)  For  normal  calomel  electrode  E^  =  E%p> 


0.5755  =  0.28  +  0.0591  pH  +  °  °^9-  log  (0.1) 
pH  =  5.5 

9.  (a)  We  know 

2H2(g) - ►  4H+  +  4c*;  E  =  0.0 

Q2(g)+4H^(aq)+ 4e~ - »  2H2Q(Q  ;£=1.231 

2H2(g)  +  02(g) - ►  2H2O(0  ;  F°H  =12 


— ►  4H+  +  4c*;  E  =  0.0  V 

- >  2H2O(0  ;  £=  1.23  V 

— >  2H2O(0  ;  E°a „  =  1.23  V 
=  -nF£°  = -4x96500  xl.23 


=  _  474.78  kJ 


I  ELECTROCHEMISTRY* 


Jmffir-  *  .^t>,  y 


298  —  29g  +  ^  •  ArS298 

=  (-474.78)  +  298  x  (-0.32) 

=  -  570.14  kJ/ mol 
A fH%9S  =  -  285.07  kJ/mol 

10.  (a)  After  addition  of  Cd  and  it’s  oxidation  into  Cd2+. 

NOi(ag)  +  4H+  (aq)  +  3<T - >  NOfe)  +  2H2O(0 

0.1  -  x  0.4  -  4x; 

where  x  =  0.08 

[NOj]  remaining  =  0.02  M;  [H+]  remaining  -  0.08  M 

E  =E°  -™5?ilog _ I _ 

NO3 1 no  N05INO  3  5  [NO;][H+]4 


rt  Q.  0.0591  .  1 

=  0.96 - log - - - 

3  (0.02)(0.08)4 


=  0.84  V 

11.  (a)  E°  for  normal  calomel  electrode  =  £ 0  for  saturated  calomel  electrode 

0.33  =  0.27  log  [CH2;  [cr]  =  0.1Af 


12.  (b)  Anode  :  H2(g) - >  2H+(aq)+ 2e~;  E°=0.0V 


Cathode  :  MnO^(aq)  +  8H+  (aq)  +  5e~ 


Mnz+ (aq)  +  4H20(Z);  E°  =  1.51  V 


^oell  -  -EfiP(RHS)  _  Tsrpclhs) 


Q-06.  [Mn2+J 
5  [MnO;][H+]8 


_  0-^6  log^ 
l  2  [H  ]' 


=  1.51  - 


5  0.1  x  CIO-2)8 


0.06 . 

+  — Jog 


(10-3)2 


=  1.48  V 

13.  (c)  3Cu(s)  +  8 IT  +  2NO3 - >  3Cu2+  +  2NO  +  4H20 

Cu(s)  +  4H+  +  2NO3 - >  Cu2+  +  2NOz  + 

Let  concentration  of  HN03  is  X  so  [H+J  =  X 
and  [NO3]  =  X 


Cu  +  2NO,  +  2H,0 


NOj|NO  Cu2+|Cu  NC5|N02 


Cu"|Cu 


E  —  E 

NO3INO  NO3INO2 

n  ot  0.0591  ,  10~3  „  „„  0.0591  , 

0.96 - — —  log  — j-  =  0.79 - log 


0.0591  ,  10-9 


=  0.45- 


0.0591 


/14.  (a)  Anode 


6  x10  2  0  x6 

log  x  =  0.657  -  0.66  or  x  - 10+0  66 

Anode  :  2Cr(aq) - >  Cl2(g)  +  2e~ 

Cathode  :  Cl 2(g)  +  2e‘  — 4  2Cr(aq) 

Cell  reaction  :  2Cl~ (aq)  +  Cl2(g) - ►  2Cl"(aq)  +  Cl 2(g) 

„  0.06  .  [Cl  ]rhS.  (Pan) lhs 


^.UO  ■  JRHS‘^q2;LHS 

2  [Cl  ]lhs' (^ci2)rhs 


(-Elen  -0) 


IS.  (a) 


S_0M  0.051V 

2  8  fo.l)2  lo.2j 

H20©+  ClOj(aq) - >  ClO;(aq)+  2H+  (aq)+  2e 

2H+(aq)  +  ClO^(aq)+  2e~ - »  2ClQ2(aq)+  H2Q(0 

2C103(a(3) - »  C102(a<j)+  ClO^Caq) 

RT 

E°„  =  0.33  -  0.36  «=  -0.03;  £^„  =  —  In  K 


-0.03  =  log  K  or  K  =  0.1 
2 


2CIO3  • 
0.1  -  2x 


1CIO4  +  C10: 


16.  fD) 


- - - =  =  — ;  3.16x  =  0.1  -  2x 

(0.1  -  2x)2  10 

5.16x  =  0.1 

x  =  0.1/5.16  =  0.0193=  1.9  x  10'2 
£  _  °-06  ioe 

E->-— 10  Vi™ 

£ceu  -  0.06  [(pH)lhS  -  (pH^g] 
(PH)lhs  =  pKa  +  log  ^ 


17.  (c) 


=  4  +  log^— J  =  5;  (pWrhs  -  4 

H  cell  —  0.06  (5-4)-+  0.06  V 
^cell  =V|H2  “£OH-jCd(OH)2[Cd 

=  £h+|h2  _jEcd2+jcd 


*ceU  =^° 


^cell  “  0, 


0.06 .  [Cd2+] 

— 108  5FF 


£«u  =0.03  log  X 


[Cd2+]  [OH']2 


18.  (a) 


log%  =  M9=13 

X2  0.03 

X?p=1013  x(10~14)2  =10~15 

0.06.  [l+^RHst^Hj^LHS 

E“"~  l08DFS5ig^'  ' 

[OH  ]  =  VXb  xC;  [OH  ]  =  10"3 
[H1,J1S  =  1Q-11 
P+]rhS  = 

£«,,  =^iog(1Q")2nX20-xl  =  0.39  V 

cel!  2  6  qo-11)2 


a  <  <  1 


or 


19.  (c) 


H,S  ^  2H  +  S2 


Kai-Ka2  = 


[H+]2[S2~] 


=  Hr21  x  o.i  =  (io_3)2[S'2] 


[S'2]  =  10‘ 


E  —  zr° 

S"2|Ag2S|Ag  Ag+JAg 


log  to 

2  Ksp 


.  „  0.06  ,  10-16 

=  0.80 - log  — 

2  6 10^9 

=  0.80  -  x  33=>  -  0.19  V 
2 

20.  (c)  Normality  of  resultant  solution 

,2OZ  =  0.05iV 


a  =  1  x  Q  =  1 10  S  cm2eq  1 
0.05  4 

21.  (b)  Resultant  cone,  of  NaCl  =  -  0.025  AT 

4V 

and  HCl  =  °  1  *  2  K  =  0.05  AT 
4V 

Ktotal  =  KNad  +  KHC1 

N(NaCl).  Aeq(NaCl) 

KsoluriOT  "  1000  ~ 


N(HCI).  AgqfHCl) 


0Q1C_  0.025x110  |  0.05.  A^gCHGl) 
1000  +  1000 

Ae^HCl)^  18-2-75  =  305  S  cm2  mol-1 
q  0.05 

22.  (b)  The  molar  conductivity  of  the  dissociated 
form  of  crotonic  acid  is 
A^CHC)  =  AJHC1)  +  A^NaQ- A^NaCl) 
=  (426  +  83  -  126)  Q_1  cm2 mol-1 
=  383  Q  l  cm2mol“1 
The  molar  conductivity  of  HC, 

A  k  3.83  xlO^Q^cm-1  ,nnn 

Am(HC)  -  —  - - x  1000 

m  C  0.001 

=  38.31T1  cm2mor1 

The  degree  of  dissociation, 

a  _  Am(HC)  =  (38.3Q-1  cm2mol-1) 

A“(HC)  "  (383Q-1  cm2mor1)  _ 

cai.qo-Ko.^  5  ' 

a  1-a  1-0.1 


23.  (c)  /£(BaS04)=2/£1(BaS04) 

^q(BaS04)  =  A”  (Ba2+)+  /£q(S02-) 

=  A^q(BaCl2)+  A^q(H2S04)  -  AJq(HCl) 
A£q(BaS04)  =  xl  +  x2  -  x3 

K,  =2Cxt  +  X2-X3) 
for  sparingly  soluble  salt 

A"  =—  xlOOO 
m  M 

or  M  = - - - x  1000 

20j.  +  x2  -x3) 

500x 

(xj  +  x2-x3) 

v  2  2.5  x  105x2 

(Xj  +  x2  -  x3) 

24.  (a)  Conductivity  of  Na2S04  =  2.6  x  10  4 

Am(Na2SO4)^0x2-6xl°" 

m  2  4  0.001 

=  260  S  cm2mol_1 

AmCS02-)  =  Am(Na2S04)  -  2Xm(Na+ ) 
=  260  -  2  x  50 
=  160  S  cm2mol‘ 1 

Conductivity  of  CaS04  solution 

=  7  xlO-4  -  2.6  x  10"4 
=  4.4  x  10^  S  cm'1 
Am(CaS04)=  Am(Ca2+ )  +  Jim(S02-) 

=  120  +  160 
-  280  S  cm2mor1 


Ar71(Na2S04) 


Solubility  C  = 


1000  xk  1000x4.4x10“ 


=  1.57  x  10-3  M 
^p=[Ca2+][S02-]total 

=  (0.00157X0.00157  +  0.001) 
=  4.0  x  IQ"6  M2 


25.  (b)  Ka=- 


1.6  x  10-5  = 


0.01  xcC 


1.6x10- 


a  =  Am  =  0.04  x  380  x  10-4 
AS, 

m 

=  15.2  x  10-4  S  m2mol1 
K  =  Am  xC  =  15.2  X 10"4  X 103  X 10"2 

(v  1  m3  =  1000  litre) 
k  =G.G*  and  G*  =  0.01m"1, 


K, 


<>V.  where  G  =  — 

6V  A 

;£;■  .  1.52  xio-2  _ 

y°  "  0.01 

I;  27.  (a)  xHj  =  x0z  +  xH2S2o8 

0  22.4  4x8.4 

*• .  2x - ~ - (■ 

22.4  22.4 

2=  1.5+  2n  = 


n  =  0.25 


Level  3  . 

Passage-1 

1.  (c)>  2.  (a),  3.  (d) 

Equivalent  of  Zn2+  produced  =  0.1  or 

moles  of  Zn2+  =  ^  0.05 

2 

H-ve  charge  increases  in  first  compartment  so 
due  to  interaction  and  maintain  electrical 
neutrality  Zn2+  move  toward  II 
compartment  and  NO  3  move  towards  first 
compartment.  Solution  is  always  electrically 
neutral  so  charge  of  1  Zn2+  is  neutralized  by 

2NO3. 

[Zn2+]  in  first  compartment 
.  0.05 


=  1.025  M 


Concentration 


second 


compartment 

=  1  -  0.05=  0.95  M 

In  third  compartment  moles  of  Cu2+ 
reduced 

-i°§-  0.025 
2 

Relatively  -ve  charge  increased  so  SO2-  and 
Na+  move  toward  opposite  direction  to 
maintain  electrical  neutrality 

[SOMremaining=l-^^  0.975M 


Passage-2 


(b)  From  equation  1  and  2,  AS  = 


d(-nFE) 


nF  — -  or 
dT 


®  r- 

dT)B 


AH  =  nF 


-218  x  1000  =  2  x  96500  x  300  — 

KaT 


2x96500x1.015 


=  -3.81  xlO^VK" 


3.  (a)AS  =  nFjj^J  =2x96500  x- 3.81  xl0~ 
=  -75.53  J/mol-K 


Passage-3 

2.  (b)  K  =  Am.C 


A  c  => 

K  1000 

200x0.04  g 

1000  ^ 


8  xlO3  Scm-1 


K=°u)  =>  8x10 -3=g(5|2 

or  G  =  0.032S;  V  =  IR  =>  — 

7  =  5x0.032  =>  0.16 A 


Subjective  Problems 

14.  A*  (HA)  =  Am  (HCl)  +  (NaA)  -  A^  (Nad) 

=  425+ 100  - 125  =  400  S  cm2  mol-1 
pH  =  4,  [H+]=10“4  =  aC 

a  =^  =  —  =  0.5 
AJJ,  400 

=  ^0-a  =  10-(05)  =  10-4.  ^  =  4 
(1  -  a)  (1-a) 

.  0.0591,  „ 

15.  Ea_  /  AgCl/Ag  =  +  —j—  log  Ksp 

0. 209  =  0. 80  +  log  Ksp 

Ksp  =  10"10;  Let  solubility  of  AgCl  in 

0.01  M  solution  is  x 

10"10  =  x(x  +  0.01) 
x  =  10"8 

Moles  of  AgCl  dissolved  in 

10L  =  10“SX10  =  10  7 


2.  (b)  From  equation  2; 


Vapour  Pressure  :  The  pressure  exerted  by  the  vapour  of  liquid  which  are  in  equilibrium  with 
it  at  a  given  temperature. 

❖  Vapour  pressure  is  not  a  surface  phenomena. 

❖  Vapour  pressure  increases  with  increase  in  temperature. 

XQ)  ^  X(g) 


where  AHvap  is  molar  enthalpy  of  vaporisation  (j/mol  or  cal/mol) 

Raoult’s  Law 


(i)  Liquid  solution  containing  non  volatile  solute  : 

Vapour  pressure  of  liquid  solution  oc  Mole  fraction  of  solvent  in  liquid  solution. 

^Solution  *■  ^Solvent 
^Solution  =  ^Solvent  •  -^Solvent 

Where  Solvent  =  Vapour  pressure  of  pure  liquid  solvent,  XSolvent  =  Mole  fraction  of  solvent. 


For  binary  liquid  solution  ;  XSolute  +  XSolvcnt  =  1 
Relative  lowering  of  vapour  pressure  =  —  =  ATSolute 


(ii)  Vapour  Pressure  of  Solution  containing  volatile  solute  (B)  and  volatile 
solvent  (A)  : . 

The  equilibrium  vapour  pressure  of  a  volatile  component  is  linearly  proportional  to  the  mole 
fraction  of  that  component  in  liquid  phase.  * 


A  solution  contains  volatile  solute  (B)  and  volatile  solvent  (A)  : 

Pa  =P°a*a  PB  =  PBXB 
p~p°axa+p;xb 

•.Where  : 

PA  and  PB  are  partial  vapour  pressure  of  A  and  B  at  given  temperature. 

PA  =  vapour  pressure  of  pure  A.  ;  PB  =  vapour  pressure  of  pure  B. 

XA  =  mole  fraction  of  A  in  liquid  phase.  ;  XB  —  mole  fraction  of  B  in  liquid  phase. 
y  A  =  mole  fraction  of  A  in  vapour  phase  ;  yB  =  mole  fraction  of  B  in  vapour  phase. 

Partial  vapour  pressure  of  ‘A’  =  mole  fraction  of  ‘A’  in  vapour  phase  x  total  vapour  pressure. 

pA=yAp  and  pB^yBp 

paxa  ~yAP  and  Pb^b  =yBp 


xa+xb  =1 
y_A p  ,  yBp  _i 


rB 


yA  = 


pIx 


aaa 


y±  xb,  =  I 
p°  p°  p 

PA  yB 

Pb^b 


PA  +pbxb 


yB  = 


PAXA+PBXB 


Ideal  Solutions 

The  solutions  which  obey  Raoulr's  Law  are  called  ideal  solutions.  For  ideality  : 
;  P solute  .....solvent  *  Solute.™  solute  (F  =  Intermolecular  attractive  interactions) 

~  ^Solvent . Solvent 


AHmix  =0 

ASmix  >0 


AVmix  =0 
AGmix.  <0 


Examples  :  Benzene  &  Toluene,  Hexane  &  Heptane,  C2H5Br  &  C2H5I 
Non-ideal  solutions  :  The  mixture  which  do  not  follow  Raoult’s  Law  will  be  known  as 
non-ideal  solutions. 

Types  of  Real  or  Non-ideal  Solutions 

«•  Non-ideal  solution  with  positive  deviation. 

❖  Non-ideal  solution  with  negative  deviation. 

Solution  shows  positive  deviation 
Pt, exp  >  (PAXA  +  Pis ) 

A  -  -  -  -A 


Solution  shows  negative  deviation 


rT,cxp 


<  (PA^A  ^  rB 


A----B  < 


B----B 


A----B  > 


AH 


mix. 


-  +ve 


AH 


AV„u*  =+ve 
AS^  =+ve 
AGn^  =  -ve 
Ex.  H20  +  CH30H 
H20  +  C2Hs0H 
CHC13  +CC14 


B- 


=  -ve 


A^mix  = 
ASmbt  =  +ve 


+  PBX  B) 

-  -A 

-  -B 


mix. 


mix. 


=  -ve 


Ex. 


AG 

h2o+ch3cooh 
chci3  +ch3coch3 
h2o  +  hno3 


Azeotropic  Solutions.  During  distillation,  the  mole  fraction  of  more  volatile  component  in 
.  vapour  state  is  higher  than  that  in  liquid  state.  This  makes  distillation  possible.  However,  there  exist 
some  solutions  for  particular  compositions  of  which  the  mole  fraction  of  components  in  liquid  and 
vapour  state  is  same.  Thus,  no  distillation  is  possible,  a  mixture  and  it  is  termed  as  azeotropic 
mixture. 

Azeotropes  are  binary  mixtures  having  the  same  composition  in  liquid  and  vapour  phase  and 
boil  at  a  constant  temperature. 

The  solutions  which  show  a  large  positive  deviation  from  Raoult’s  law  form  minimum  boiling 
azeotrope  at  a  specific  composition. 

The  solutions  which  show  a  large  negative  deviation  from  Raoult’s  law  form  maximum  boiling 
azeotrope  at  a  specific  composition. 

Completely  Immiscible  Liquids  :  When  they  are  distilled,  they  distil  in  the  ratio  of  their 
vapour  pressure  at  that  temperature. 

o  o 

P=Pa+PB' 

For  vapour  of  pure  liquid  we  can  apply  :  PA V  =  nART  and  Pfl°V  =  nBRT 


Pb  nB 


When  A  and  B  are  distilled  wt.  ratio  is  given  as 

Pa  Ma 

Colligative  Properties  :  Colligative  Properties  depend  on  the  number  of  solute  particles 
irrespective  to  their  nature. 

Relative  lowering  of  vapour  pressure 

❖  Elevation  of  boiling  point 

❖  Depression  of  freezing  point 

❖  Osmotic  pressure 

Normal  Colligative  Properties  :  When  neither  association  nor  dissociation  of  solute 
particles  take  place. 

P°-P 

(i)  Relative  Lowering  of  Vapour  Pressure  :  —  =  XSolu[e 

(ii)  Elevation  of  boiling  point :  A Tb  =Kbm 

(iii)  Depression  of  freezing  point :  A7y  =Kfm 

(iv)  Osmotic  pressure  :  n  =  CRT 

(i)  Relative  lowering  of  Vapour  Pressure  : 

'  P°-P  _v  n 

no  ^Solute  “ 

P°  n+N 

Where,  n  =  mole  of  solute,  N  =  mole  of  solvent 


P°-P  n 


Molality  (m)  - 


N 

(P°-P 


Where, 


\  P  J  M(ing/mol) 
M  =  molar  mass  of  solvent. 


PROBLEMS  IN  CHEMISTRY 


Ostwald-Walker  Method 


■  dry  air 

1  L*.= 


vo 

mm 


Anhydrous  CaCI2 
(dehydrating  agent) 


Solution 


Solvent 


Loss  in  wt  of  solution  containers  a  P 
Loss  in  wt  of  solvent  containers  a  (P°-P) 
gain  in  wt  of  dehydrating  agent  a  P° 

P°-P  Loss  in  weight  of  solvent 

P°  Gain  in  weight  of  dehydrating  agent 

(ii)  Elevation  in  Boiling  Point  : 

A  Tb=Kbm 
where  A Tb  =Tb  -Tb 

Kb  -  Boiling  point  elevation  constant 
or  ebullioscopic  constant 

K  El 

b  1000 Lv 

Lv  =  Latent  heat  of  vapourisation  per  gram 


(iii)  Depression  in  Freezing  point  : 

A  Tj  =Kjm 
where  A Tf  - Tf  -Tf 

Kf  =  Freezing  point  depression  constant 

or  cryoscopic  constant 

_ .2 


5  lOOOL, 

Lf  =  Latent  heat  of  fusion  per  gram 

_ .2 


"  1000AHVap 

A Hvap  =  enthalpy  of  vapourisation  per  mole 


;  1000 A HFus 

AHFus  =  enthalpy  of  fusion  per  mole 
M  =  molar  mass  of  solvent  (in  g/mol) 
Tf  =  freezing  point  of  solvent 


M  =  molar  mass  of  solvent  (in  g/mol)  M  =  molar  mass  of  solvent  (in  g/mol) 

=  Boiling  point  of  solvent  Tf  =  freezing  point  of  solvent 

(iv)  Osmotic  Pressure  (n) :  The  hydrostatic  pressure  built  up  on  the  solution  which  just  stops 
osmosis.  Alternatively,  it  may  be  defined  as  the  pressure  \yhich  must  be  applied  to  the 
concentrated  solution  in  order  to  stop  osmosis. 

For  dilute  solutions  n  =  CRT  =  hpg 

where  C  is  the  total  molar  concentration  of  all  the  free  species  present  in  the  solution,  h  is 
the  height  developed  by  the  column  of  the  concentrated  solution  and  p  is  the  density  of  the 
solution  in  the  column. 

On  the  basis  of  osmotic  pressure,  the  solutions  can  be  classified  in  three  classes, 
isotonic  solutions:  Two  solutions  having  same  osmotic  pressures  are  cold  isotonic 
solutions. 

(This  implies  Cj  =  C2  at  same  temperature). 


❖  Hypertonic  and  hypotonic  solution  :  When  two  solutions  are  being  compared,  then  the 
solution  with  higher  osmotic  pressure  is  termed  as  hypertonic.  The  solution  with  lower 
osmotic  pressure  is  termed  as  hypotonic. 

❖  Abnormal  Colligative  Properties  :  When  solute  particle  associated  or  dissociated  in 
solvent. 

Actual  moles  of  solute 


i  =  Vant  Hoff  factor  = 


Moles  of  solute  without  dissociation  or  association 
__  Observed  or  experimental  colligative  properties 

Theoretical  or  calculated  colligative  properties 

_  i*  ^solute 


(i)  Relative  lowering  of  vapour  pressure  : 

(ii)  Elevation  of  boiling  point :  A Tb  =i.Kbm 

(iii)  Depression  of  freezing  point :  A7^  =LKfm 

(iv)  Osmotic  pressure  :  n  =  i.CRT 

For  dissociation  :  i  =  1  +  (n  -  l)a 


t.n 


solute 


+  n 


solvent 


For  association  :  i  =  1  + 1 - 1  |a 

n 


Degree  of  dissociation  a  = 


i-1 


Degree  of  association  a  = 


1  -i 
-1 In 


n- 1  1 

Where  n  =  Total  number  of  particles  of  solute  after  dissociation  or  association. 

Henry  Law 

This  law  deals  with  dissolution  of  gas  in  liquid  i.  e. ,  mass  of  any  gas  dissolved  in  any  solvent  per 
unit  volume  is  proportional  to  pressure  of  gas  in  equilibrium  with  liquid. 

(i)  m  =  k  x  P 


Where,  m  =  mass  of  gas  dissolved  per  unit  volume. 
k  =  proportionality  constant. 

P  =  pressure  of  gas. 

(ii)  P=KH.Xgas 

Where,  P  =  Pressure  of  gas. 

Kh  -  Henry’s  constant 
Xgas  =  Mole  fraction  of  gas 


l 

PROBLEMS  III  CHEMISTRY 

|H  uub  UiBi BSEnE 

■Sal  TTiJ  b  1 _  _ _ 

1.  The  vapour  pressure  of  a  given  liquid  will  decrease  if : 

(a)  surface  area  of  liquid  is  decreased 

(h)  the  volume  of  liquid  in  the  container  is  decreased 
(c)  the  volume  of  the  vapour  phase  is  increased 
,  (d)  the  temperature  is  decreased 

2.  The  normal  boiling  point  of  water  is  373  K.  Vapour  pressure  of  water  at  temperature  T  is  19 
mm  Hg.  If  enthalpy  of  vaporisation  is  40.67  kJ/mol,  then  temperature  T  would  be 

(Use  :  log  2  =  0.3,  R  :  8.3  JK'1  mol-1 ): 

(a)  250  K  (b)  291.4  K  (c)  230  K  (d)  290  K 

3.  A  sample  of  liquid  H20  of  mass  18.0  g  is  injected  into  an  evacuated  7.6  L  flask  maintained  at 
27.0C>C.  If  vapour  pressure  of  H20  at  27°C  is  24.63  mm  Hg.  What  weight  percentage  of  the 
water  will  be  vapourised  when  the  system  comes  to  equilibrium?  Assume  water  vapours 
behaves  as  an  ideal  gas.  The  volume  occupied  by  the  liquid  water  is  negligible  compared  to  the 
volume  of  the  container: 

(a)  1%  (b)  10%  (c)  18%  (d)  20% 

4.  Raoult’s  law  is  obeyed  by  each  constituent  of  a  binary  liquid  solution  when: 

(a)  the  forces  of  attractions  between  like  molecules  are  greater  than  those  between  unlike 
molecules 

(b)  the  forces  of  attractions  between  like  molecules  are  smaller  than  those  between  unlike 
molecules 

(c)  the  forces  of  attractions  between  like  molecules  are  identical  with  those  between  unlike 
molecules 

(d)  the  volume  occupied  by  unlike  molecules  are  different 

5.  For  a  binary  ideal  liquid  solution,  the  total  pressure  of  the  solution  is  given  as: 

(a)  ptota]  =  p;  +  (p;  -  p; )  xB  ao  ptotal  =  pB*  +  (p;  -  p; )  x* 

(C)  ptotal  -  p;  +  (p;  -  p; )  xA  w  ptotal  =  pB*  +  (p;  -  p; )  xB 

6.  For  an  ideal  binary  liquid  solution  with  P°A  >  PB,  which  relation  between  XA  (mole  fraction  of 
A  in  liquid  phase)  and  YA  (mole  fraction  of  A  in  vapour  phase)  is  correct  ? 

(a)  Ya  <Yfl  (b)  XA  >  XB  (c)  (d)  ^  ^ 

7.  An  ideal  solution  is  formed  by  mixing  two  volatile  liquids  A  and  B.  XA  and  XB  are  the  mole 
fractions  of  A  and  B  respectively  in  the  solution  and  YA  and  YB  are  the  mole  fractions  of  A  and 

B  respectively  in  the  vapour  phase.  A  plot  of  —  along  y-axis  against  —  along  x-axis  gives  a 

Ya  k  XA 

straight  line.  What  is  the  slope  of  the  straight  line  ?  * 

(a)  4  (b)  A- 

Pa  Pb 


(c)  PB  ~Pa 


(d)  p;  -p; 


8.  For  a  dilute  solution,  Raoult’s  law  states  that : 

(a)  the  lowering  of  vapour  pressure  is  equal  to  the  mole  fraction  of  solute 

(b)  the  relative  lowering  of  vapour  pressure  is  equal  to  the  mole  fraction  of  solute 

(c)  the  relative  lowering  of  vapour  pressure  is  proportional  to  the  amount  of  solute  in  solution 

(d)  the  vapour  pressure  of  the  solution  is  equal  to  the  mole  fraction  of  solvent 

9.  The  solubility  of  a  specific  non-volatile  salt  is  4  g  in  100  g  of  water  at  25°C.  If  2.0  g,  4.0  g  and 
6.0  g  of  the  salt  added  of  100  g  of  water  at  25°C,  in  system  X,  Y  and  Z.  The  vapour  pressure 
would  be  in  the  order: 

(a  )X<Y<Z  (b)  X  >Y  >  Z  (c)Z>X  =  Y  (d  )X>Y  =  Z 

10.  The  boiling  point  of  C6H6,CH3OH,C6H5NH2  and  C6H5N02  are  80°C,  65°C,  184°C  and  212°C 
respectively.  Which  will  show  highest  vapour  pressure  at  room  temperature  : 

(a)  C6H6  (b)  CH3OH  (c)  C6H5NH2  (d)  C6H5N02 

11.  6.0  g  of  urea  (molecular  weight  =  60)  was  dissolved  in  9.9  moles  of  water.  If  the  vapour 
pressure  of  pure  water  is  P°,  the  vapour  pressure  of  solution  is: 

(a)  0.10  P°  (b)  1.10  P°  (c)  0.90  P°  (d)  0.99  P° 

12.  An  ideal  solution  was  found  to  have  a  vapour  pressure  of  80  torr  when  the  mole  fraction  of  a 
non-volatile  solute  was  0.2.  What  would  be  the  vapour  pressure  of  the  pure  solvent  at  the 
same  temperature? 

(a)  64  torr  (b)  80  torr  (c)  100  torr  (d)  400  torr 

13.  The  vapour  pressure  of  an  aqueous  solution  of  sucrose  at  373  K  is  found  to  be  750  mm  Hg.  The 
molality  of  the  solution  at  the  same  temperature  will  be  : 

(a)  0.26  (b)  0.73  (c)  0.74  (d)  0.039 

14.  Estimate  the  lowering  of  vapour  pressure  due  to  the  solute  (glucose)  in  a  1.0  M  aqueous 
solution  at  100°C  : 

(a)  10  torr  (b)  18  torr  (c)  13.45  torr  (d)  24  ton- 

15.  Calculate  the  weight  of  non-volatile  solute  having  molecular  weight  40,  which  should  be 
dissolved  in  57  gm  octane  to  reduce  its  vapour  pressure  to  80%: 

(a)  47.2  g  (b)  5  g  (c)  106.2  g  (d)  None  of  these 

16.  Equal  weight  of  a  solute  are  dissolved  in  equal  weight  of  two  solvents  A  and  B  and  formed  very 
dilute  solution.  The  relative  lowering  of  vapour  pressure  for  the  solution  B  has  twice  the 
relative  lowering  of  vapour  pressure  for  the  solution  A.  If  M  A  and  M B  are  the  molecular 
weights  of  solvents  A  and  B  respectively,  then: 

(a)  Ma  =  Mb  (b)  Mb  =  2  x  Ma  (c)  Ma  =  4 Ma  (d)  M A  =  2 MB 

17.  An  ideal  solution  has  two  components  A  and  B.  A  is  more  volatile  than  B,  i.e.,  PA  >  PB  and  also 
PA  >  PtotaI .  If  XA  and  Y A  are  mole  fractions  of  components  A  in  liquid  and  vapour  phases,  then: 

(a)  XA  =  Ya  (b)  XA  >  Ya  (c)  XA  <  Ya  (d)  Data  insufficient 

18.  At  25°C,  the  vapour  pressure  of  pure  liquid  A  (mol.  wt.  =  40)  is  100  torr,  while  that  of  pure 
liquid  B  is  40  torr,  (mol.  wt.  =  80).  The  vapour  pressure  at  25°C  of  a  solution  containing  20  g  of 
each  A  and  B  is: 

(a)  80  torr  (b)  59.8  torr 


(c)  68  torr 


(d)  48  torr 


PROBLEMS  IN  CHEMISTRY  B 


19.  Two  liquids  A  and  B  from  ideal  solutions.  At  300  K,  the  vapour  pressure  of  solution  containing 
1  mole  of  A  and  3  mole  of  B  is  550  mm  Hg.  At  the  same  temperature,  if  one  more  mole  ofB  is 
added  to  this  solution,  the  vapour  pressure  of  the  solution  increases  by  10  mm  Hg.  Determine 
the  vapour  pressure  of  A  and  B  in  their  pure  states  (in  mm  Hg) : 

(a)  400,  600  (b)  500,  500  (c)  600,  400  (d)  None  of  these 

20.  Two  liquids  A  and  B  have  vapour  pressure  in  the  ratio  P*  :  PB°  =  1 :  3  at  a  certain  temperature. 
Assume  A  and  B  form  an  ideal  solution  and  the  ratio  of  mole  fractions  of  A  to  B  in  the  vapour 
phase  is  4  :  3.  Then  the  mole  fraction  of  B  in  the  solution  at  the  same  temperature  is  : 


(a)  5 


«)i 


Two  liquids  A  and  B  have  and  PB°  in  the  ratio  of  1  :  3  and  the  ratio  of  number  of  moles  of  A 

and  B  in  liquid  phase  are  1  :  3  then  mole  fraction  of  V¥  in  vapour  phase  in  equilibrium  with  the 
solution  is  equal  to: 

(a)  0.1  (b)  0.2  (c)  0.5  (d)  1.0 

Based  on  the  given  diagram,  which  of  the  following  statements  regarding  the  homogenous 

solutions  of  two  volatile  liquids  are  correct? 


^  E  mole  fraction 
*>  =  1  *8=  1 

(1)  Plots  AD  and  BC  show  that  Raoult’s  law  is  obeyed  for  the  solution  in  which  B  is  a  solvent 
and  A  is  the  solute  and  as  well  as  for  that  in  which  A  is  solvent  and  B  is  solute. 

(2)  Plot  CD  shows  that  Dalton's  law  of  partial  pressures  is  obeyed  by  the  binary  solution  of 
components  A  and  B. 

(3)  EF  +  EG  =  EH;  and  AC  and  BD  correspond  to  the  vapour  pressures  of  the  pure  solvents  A 
and  B  respectively. 

Select  the  correct  answer  using  the  options  given  below: 

(a)  Only  1  (b)  2  and  3  (c)  1  and  3  (d)  All 

23*  Which  represents  correct  difference  when  non-volatile  solute  is  present  in  an  ideal  solution? 


-Vapour 


-Vapour 


Solution 


Solvent 


Solution 


f  Solvent 


Solution 

Solvent 


-  Solvent  or  Solution 


Solution 


Solvent 


(a)  I,  II,  III 


(b)  1.  HI 


(c)  II,  III 


(d)  I,  II 


DILUTE  SOLUTION 
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24.  Select  correct  statement : 

(a)  Solution  has  more  molecular  randomness  than  a  pure  solvent  has,  the  entropy  change 
between  solution  and  solid  is  larger  than  the  entropy  change  between  pure  solvent  and 
solid 

(b)  Heat  of  fusion  of  solution  and  solvent  are  similar  since  similar  forces  of  intermolecular 
forces  are  involved 

(c)  Sugar  containing  solution  freezes  at  a  lower  temperature  than  pure  water 

(d)  All  are  correct  statements 

25.  Select  correct  statement? 

(a)  Heats  of  vaporisation  for  a  pure  solvent  and  for  a  solution  are  similar  because  similar 
intermolecular  forces  between  solvent  molecules  must  be  overcome  in  both  cases 

(b)  Entropy  change  between  solution  and  vapoiir  is  smaller  than  the  entropy  change  between 
pure  solvent  and  vapour 

(c)  Boiling  point  of  the  solution  is  larger  than  that  of  the  pure  solvent 

(d)  All  are  correct  statements 

26.  The  vapour  pressure  curves  of  the  same  solute  in  the  same  solvent  are  shown.  The  curves  are 

parallel  to  each  other  and  do  not  intersect.  The  concentrations  of  solutions  are  in  order  of: 


(a)  I  <  II  <  III  Cb)  I  —  1 1  —  III  (c)  I  >  II  >  III  (d)  I  >  III  >  II 

27.  Boiling  point  composition  diagram  of  the  liquid-vapour  equilibrium  for  A  and  B  is  shown 
figure.  If  a  binary  liquid  mixture  of  A  and  B  is  distilled  fractionally,  which  of  the  following 
would  be  correct  observation? 


\XA  =  1  %  Composition  XB  *  1; 

(a)  Composition  of  the  still  (residue)  will  approach  pure  liquid  B 

(b)  Composition  of  the  distillate  will  approach  pure  A 

(c)  Composition  of  distillate  and  residue  will  approach  pure  B  and  A  respectively 

(d)  Neither  of  the  component  can  be  obtained  in  pure  state 

28.  The  boiling  point  of  an  azeotropic  mixture  of  water-ethanol  is  less  than  that  of  both  water  and 
ethanol.  Then: 

(a)  the  mixture  will  show  negative  deviation  from  Raoult’s  law 

(b)  the  mixture  will  show  positive  deviation  from  Raoult’s  law 

(c)  the  mixture  will  show  no  deviation  from  Raoult’s  law 

(d)  this  mixture  cannot  be  considered  as  true  solution 


29.  Formation  of  a  solution  from  two  components  can  be  considered  as  : 

(i)  Pure  solvent  separated  solvent  molecules,  AHj 

(ii)  Pure  solute  separated  solute  molecules,  A H2 

(iii)  separated  solvent  and  solute  molecules  ->  solution,  AH3 
Solution  so  formed  will  be  ideal  if : 

(a)  Af/goin  =  AH i  +  AH  2  +  AH 3  (b)  AHSojn  =  AH^  +  AH2  —  A H3 

(c)  AHSoln  =  AHj  -  AH 2  -  AH 3  (d)  AHSo|n  =  AH3  -  AHj  -  AH2 

30.  Total  vapour  pressure  of  mixture  of  1  mol  X  (P*  =  150  torr)  and  2  mol  Y  ( Py  =  300  torr)  is  240 
torn  In  this  case: 

(a)  There  is  a  negative  deviation  from  Raoult’s  law 
fb)  There  is  a  positive  deviation  from  Raoult’s  law 

(c)  There  is  no  deviation  from  Raoult’s  law 

(d)  Can  not  be  decided 

31.  In  a  mixture  of  A  and  B ,  components  show  positive  deviation  when: 

(a)  A  -B  interaction  is  stronger  than  A  -  A  and  B-B  interaction 

(b)  A  -B  interaction  is  weaker  than  A  -  A  and  B  -B  interaction 

(c)  AV  mix  <  0,  A5  mix  >  0 

(d)  AV  mix  =  0,  AS  mix  >  0 

32.  A  liquid  mixture  having  composition  corresponding  to  point  Z  in  the  figure  shown  is  subjected 
to  distillation  at  constant  pressure.  Which  of  the  following  statement  is  correct  about  the 
process? 


(a)  The  composition  of  distillate  differs  from  the  mixture 

(b)  The  boiling  point  goes  on  changing 

(c)  The  mixture  has  highest  vapour  pressure  than  for  any  other  composition 

(d)  Composition  of  an  azeotrope  alters  on  changing  the  external  pressure 

33.  Which  will  form  maximum  boiling  azeotrope  ? 

(a)  C6H6  +C6HsCH3  solution  (b)  HN03  +  H20  solution 

(c)  C2H5OH  +  H20  solution  (d)  n-hexane  and  n-heptane 

34.  Total  vapour  pressure  of  mixture  of  1  mole  of  volatile  component  A  (P^  =  100  mm  Hg)  and 
3  mole  of  volatile  component  B  (P/  =  80  mm  Hg)  is  90  mm  Hg.  For  such  case: 

(a)  there  is  positive  deviation  from  Raoult’s  law 

(b)  boiling  point  has  been  lowered 

(c)  force  of  attraction  between  A  and  B  is  smaller  than  that  between  A  and  A  or 
between  B  and  B 

(d)  all  the  above  statements  are  correct 


35-  The  azeotropic  mixture  of  water  (B.P.  =  100°C)  and  HC1  (B.R  =  86°C)  boils  at  about  120°C. 
During  fractional  distillation  of  this  mixture  it  is  possible  to  obtain  : 

(a)  pure  HC1  (b)  pure  H20 

*  (c)  pure  H20  as  well  as  pure  HC1  (d)  neither  H20  nor  HC1 

36.  Azeotropic  mixture  of  water  and  HC1  boils  at  381.5  K.  By  distilling  the  mixture  it  is  possible  to 
obtain  : 

(a)  Pure  HCl  only  (b)  Pure  water  only 

(c)  Neither  HCl  nor  water  (d)  Both  water  and  HCl  in  pure  state 

37.  An  azeotropic  mixture  of  two  liquids  has  a  boiling  point  higher  than  either  of  them  when  it: 

(a)  shows  positive  deviation  from  Raoult’s  law 

(b)  shows  negative  deviation  from  Raoult’s  law 

(c)  shows  ideal  behaviour 

(d)  is  saturated 

38.  If  two  liquids  A  (P,°  =100  torr)  and  B  (PB°  =  200  torr)  are  completely  immiscible  with  each 

other  (each  one  will  behave  independently  of  the  other)  are  present  in  a  closed  vessel.  The 
total  vapour  pressure  of  the  system  will  be:  . 

(a)  less  than  100  torr  (b)  greater  than  200  torr 

(c)  between  100  to  200  torr  (d)  300  torr 

39.  When  a  liquid  that  is  immiscible  with  water  was  steam  distilled  at  95.2°C  at  a  total  pressure  of 
748  torr,  the  distillate  contained  1 .25  g  of  the  liquid  per  gram  of  water.  The  vapour  pressure  of 
water  is  648  torr  at  95.2°C,  what  is  the  molar  mass  of  liquid? 

(a)  7.975  g/mol  (b)  166  g/mol  (c)  145.8  g/mol  (d)  None  of  these 

40.  Water  and  chlorobenzene  are  immiscible  liquids.  Their  mixture  boils  at  89°C  under  a  reduced 
pressure  of  7.7  x  104  Pa.  The  vapour  pressure  of  pure  water  at  89°C  is  7  x  104  Pa.  Weight  per 
cent  of  chlorobenzene  in  the  distillate  is  : 

(a)  50  (b)  60  (c)  78.3  (d)  38.46 


41. 

42. 


Which  of  the  following  is  not  a  colligative  property? 

(a)  Vapour  pressure  (b)  Depression  in  f.pt. 

(c)  Elevation  in  b.pt.  (d)  Osmotic  pressure 


The  degree  of  dissociation  of  an  electrolyte  is  a  and  its  van’t  Hoff  factor  is  i.  The  number 
ions  obtained  by  complete  dissociation  of  1  molecule  of  the  electrolyte  is  : 


i  +  a  -1 


(b)  i  -  a  - 1 


(d) 


i  +  1  +  a 
1  -  a 


of 


43.  One  mole  of  a  solute  A  is  dissolved  in  a  given  volume  of  a  solvent.  The  association  of  the  solute 
take  place  as  follows: 

nA  ^  An 

If  a  is  the  degree  of  association  of  A,  the  van’t  Hoff  factor  i  is  expressed  as: 

,  a 

1  -  a  +  — 

(a)  r  =  1  -  a  (b)  i  =  1  +  —  (c)  i  = - - — —  (d)  i  =  1 

n  1 

44.  The  van’t  Hoff  factor  i  for  an  electrolyte  which  undergoes  dissociation  and  association  in 
solvent  are  respectively: 

(a)  greater  than  one  and  less  than  one 
(c)  less  than  one  and  less  than  one 


(b)  less  than  one  and  greater  than  one 
(d)  greater  than  one  and  greater  than  one 
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45.  Which  solution  has  the  highest  vapour  pressure? 

(a)  0.02  M  NaCl  at  50°C  (b)  0.03  M  sucrose  at  15°C 

(c)  0.005  M  CaCl2  at  50°C  (d)  0.005  MCaCl2  at  25°C 

46.  An  aqueous  solution  is  1.00  molal  in  KI.  Which  change  will  cause  the  vapour  pressure  of  the 
solution  to  increase  ? 

(a)  addition  of  water  (b)  addition  of  NaCl 

(c)  addition  of  Na2S04  (d)  Addition  of  1.0  molal  KI 

47.  Four  solutions  of  K2S04  with  the  concentrations  0.1  m,  0.01  m,  0.001  m  and  0.0001  m  are 
available.  The  maximum  value  of  colligative  property  corresponds  to  : 

(a)  0.0001  m  solution  (b)  0.001  m  solution  (c)  0.01  m  solution  (d)  0,1m  solution 

48.  Moles  of  Na2S04  to  be  dissolved  in  12  mole  water  to  lower  its  vapour  pressure  by  10  mm  Hg 
at  a  temperature  at  which  vapour  pressure  of  pure  water  is  50  mm  is: 

(a)  1.5  mole  (b)  2  mole  (c)  1  mole  (d)  3  mole 

49.  A  very  diluted  saturated  solution  of  a  sparingly  soluble  salt  X3F4  has  a  vapour  pressure  of  20 
mm  Hg  at  temperature  T,  while  pure  water  exerts  a  pressure  of  20.0126  mm  Hg  at  the  same 
temperature.  Calculate  molality  (m)  at  temperature  T: 

(a)  6.3  x  10  4  (b)  3.5  x  10“2  (c)  5  x  10  3  (d)  None  of  these 

50.  When  1  mole  of  a  solute  is  dissolved  in  1  kg  of  H20,  boiling  point  of  solution  was  found  to  be 
100.5°C.  Kb  for  H20  is: 

(a)  0.5  (b)  100  (c)  100.5  (d)  95.5 

51.  Chloroform,  CHC13,  boils  at  61.7°C.  If  the  Kb  for  chloroform  is  3.63°C/molal,  what  is  the 
boiling  point  of  a  solution  of  15.0  kg  of  CHCl3  and  0.616  kg  of  acenaphthalene, 
^■12^10? 

(a)  61.9  (b)  62.0  (c)  52.2  (d)  62.67 

52.  A  compound  has  the  empirical  formula  C10HsFe.  A  solution  of  0.26  g  of  the  compound  in  11.2 
g  of  benzene  (C6H6)  boils  at  80.26°C.  The  boiling  point  of  benzene  is  80.10°C;  the  Kh  is 
2.53°C/molal.  What  is  the  molecular  formula  of  the  compound? 

(a)  C30H24Fe3  (b)  C10H8Fe  (c)  C5H4Fe  (d)  C20H16Fe2 

53.  A  solution  of  0.640  g  of  azulene  in  100.0  g  of  benzene  boils  at  80.23°C.  The  boiling  point  of 
benzene  is  80.10°C;  the  Kb  is  2.53°C/molal.  What  is  the  molecular  weight  of  azulene? 

(a)  108  (b)  99  (c)  125  (d)  134 

54.  One  molal  solution  of  a  carboxylic  acid  in  benzene  shows  the  elevation  of  boiling  point  of 
1.518  K.  The  degree  of  association  for  dimerization  of  the  acid  in  benzene  is  (Kh  for  benzene 
=  2.53  K  kg  mol-1)  : 

(a)  60%  (b)  70%  (c)  75%  (d)  80% 

55.  The  boiling  point  elevation  constant  for  toluene  is  3.32  K  kg  mol-1 .  The  normal  boiling  point 
of  toluene  is  110.7°C.  The  enthalpy  of  vaporisation  of  toluene  would  be  nearly: 

(a)  17.0  kJ  mol-1  (b)  34.0  kJ  mol-1  (c)  51.0  kJ  mol-1  (d)  68.0  kJ  mol-1 

56.  Which  one  of  the  following  aqueous  solutions  will  exhibit  highest  boiling  point: 

(a)  0.015  M  urea  (b)  0.01  M  KN03  (c)  0.10  M  Na2S04  (d)  0.015  M  glucose 

57.  Calculate  the  percentage  degree  of  dissociation  of  an  electrolyte  XY2  (Normal  molar  mass 

=  164)  in  water  if  the  observed  molar  mass  by  measuring  elevation  in  boiling  point  is  65.6: 
(a)  75%  (b)  25%  (c)  65%  (d)  None  of  these 


58. 


If  the  elevation  in  boiling  point  of  a  solution  of  non-volatile,  non-electrolytic  and 
non-associating  solute  in  solvent  ( Kb  =xK.  kg.  mol  1 )  is  y  K,  then  the  depression  in  freezing 
point  of  solution  of  same  concentration  would  be 
( K f  of  the  solvent  =  z  K.  kg.  mol-1 ) 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


When  a  solution  containing  non-volatile  solute  freezes,  which  equilibrium  would  exist? 

(a)  solid  solvent  ^  liquid  solvent  (b)  solid  solute  t=^  liquid  solution 

(c)  solid  solute  ^  liquid  solvent  (d)  solid  solvent  ^  liquid  solution 

Bromoform  has  a  normal  freezing  point  of  7.734°C/m  and  it’s  K f  =  14.4°C/m.  A  solution  of 
2.60  g  of  an  unknown  in  100  g  of  bromoform  freezes  at  5.43°G.  What  is  the  molecular  weight 
of  the  unknown? 

(a)  16.25  (b)  162.5  (c)  100  (d)  none  of  these 

C6H6  freezes  at  5.5°C.  At  what  temperature  will  a  solution  of  10.44  g  of  C4H10  in  200  g  of 
C6H6  freeze?  Kf  (C6H6)  =  5.12°C/m 

(a)  4.60B’C  (b)  0.892°C  (c)  5.5°C  (d)  none  of  these 

How  much  ethyl  alcohol  must  be  added  to  1.0  L  of  water  so  that  solution  will  not  freeze  at 
-4°F?  (Kf  =  1 ,86cC/m) 

(a)  <  20  g  (b)  <  10.75  g  (c)  <  494.5  g  (d)  >  494.5  g 

The  freezing  point  of  a  solution  of  2.40  g  of  biphenyl  (C12H10)  in  75.0  g  of  benzene  (C6H6)is 
4.40°C.  The  normal  freezing  point  of  benzene  is  5.50°G.  What  is  the  molal  freezing  point 
constant  (°C/m)  for  benzene? 

(a)  -  5.3  (b)  -  5.1  (c)  -  4.6  (d)  -  4.8 

A  solution  containing  1.8  g  of  a  compound  (empirical  formula  CH20)  in  40  g  of  water  is 
observed  to  freeze  at  -0.465°C.  The  molecular  formula  of  the  compound  is  {Kf  of  water 
=  1.86  kg  K  mol-1)  : 


(a)  C2H402  (b)  C3H6  (c)  C4H804 

Freezing  point  of  the  following  equilibrium,  liquid  solvent 


(a) 


AH -AG 
TAS 


(d)  C6H1206 

solid  solvent  is  : 

(d)  — 

AH 


66.  Freezing  point  of  a  solution  is  smaller  than  that  point  of  a  solvent.  It  is  due  to  : 

(a)  AH  of  solution  and  solvent  is  almost  identical  since  intermolecular  forces  between  solvent 
molecules  are  involved 

(b)  AS  of  solution  (between  solution  and  solid)  is  larger  than  that  of  the  AS  of  solvent 
(between  solvent  and  solid) 

(c)  AS  of  the  solution  is  smaller  than  that  of  the  solvent 

(d)  AH  of  the  solution  is  much  higher  than  of  solvent  but  AS  of  solution  is  smaller  than  that 
of  the  solvent 

When  36.0  g  of  a  solute  having  the  empirical  formula  CH20  is  dissolved  in  1.20  kg  of  water, 
the  solution  freezes  at  -0.93°C.  What  is  the  molecular  formula  of  the  solute?  (Kf  =  1.86°C  kg 
mol-1) 

(a)  C2H40  (b)  C2H202  (c)  C2H403  (d)  C2H402 


67. 
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68.  Calculate  the  molecular  weight  of  a  substance  whose  7.0%  by  mass  solution  in  water  freezes 
at  -0.93°C.  The  cryoscopic  constant  of  water  is  1.86°Ckg  mol*1: 

(a)  140  g  mol*1  (b)  150.5  mol*1 

(c)  160  g  mol*1  (d)  155  g  mol*1 

69.  Camphor  is  often  used  in  molecular  mass  determination  because 

(a)  it  is  readily  available  (b)  it  has  a  very  high  cryoscopic  constant 

(c)  it  is  volatile  '  (d)  it  is  solvent  for  organic  substances 

70.  For  1  molal  solution  of  each  compound  minimum  freezing  point  will  be  assuming  complete 
ionisation  in  each  case: 

(a)  [Fe(H20)6]Cl3  (b)  [Fe(H20)5Cl]Cl2  •  H20 

(c)  [Fe(H20)4Cl2]Cl  •  2H20  (d)  [Fe(H20)3Cl3] -  3H20 

71.  For  1  molal  solution  of  each  compound  maximum  freezing  point  .will  be  assuming  complete 
ionisation  in  each  case: 

(a)  [Fe(H20)6]Cl3  (b)  [Fe(H20)5Cl]Cl2  ■  H20 

(c)  [Fe (H 20) 4  Cl  2]  Cl  •  2H  20  (d)  [Fe(H20)3Cl3]  ■  3H20 

72.  PtCl4  •  6H20  can  exist  as  a  hydrated  complex.  Its  1  molal  aq.  solution  has  depression  in 
freezing  point  of  3.72.  Assume  100%  ionisation  and  K{ (H20)  =  1.8<PC  mol-1  kg,  then 

complex  is  : 

(a)  [Pt(H20)6]Cl4  (b)  [Pt(H20)4Cl2]Cl2  •  2H20 

(c)  [Pt(H2C03Cl3]Cl-3H2O  (d)  [Pt(H20)2Cl4]  •  4H20 

73.  A  complex  is  represented  as  CoCl3xNH3.  Its  0.1  molal  solution  in  water  shows  A Tf  =  0.558  K. 
K i  for  H20  is  1.86  K  molality”  .  Assuming  100%  ionisation  of  complex  and  co-ordination 

number  of  Co  is  six,  calculate  formula  of  complex: 

(a)  [Co(NH3)6]Cl3  (b)  [Co(NH3)5C1]C12 

(c)  [CoCNH3)4Cl2]Cl  (d)  none  of  these 

74.  The  freezing  point  of  equimolal  aqueous  solutions  will  be  highest  for: 

(a)  C6H5NH3C1  (b)  Ca(N03)2  (c)  La(N03)2  (d)  C6H1206 

75.  The  freezing  point  of  a  4%  aqueous  solution  of ‘A  is  equal  to  the  freezing  point  of  10%  aqueous 

solution  of  ‘B\  If  the  molecular  weight  of  ‘A  is  60,  then  the  molecular  weight  of  ‘B’  will  be: 
(a)  160  (b)  90  (c)  45  (d)  180 

76.  Depression  in  freezing  point  of  0.01  molal  aqueous  HCOOH  solution  is  0.02046.  1  molal 
aqueous  urea  solution  freezes  at  -1.86°C,  assuming  molality  equal  to  molarity,  pH  of  HCOOH 
solution  is: 

(a)  2  (b)  3  (c)  4  (d)  5 

77.  When  mercuric  iodide  is  added  to  the  aqueous  solution  of  Kl,  then  the: 

(a)  freezing  point  is  raised  (b)  freezing  point  is  lowered 

(c)  freezing  point  does  not  change  (d)  boiling  point  does  not  change 

78.  Dimer  of  acetic  acid  in  liquid  benzene  is  in  equilibrium  with  acetic  acid  monomer  at  certain 
temperature  and  pressure.  If  25%  of  the  dimer  molecules  are  separated  out  then 

(a)  Freezing  point  of  the  solution  reduces  (b)  Average  molar  mass  of  solute  increases 

(c)  Boiling  point  of  solution  increases  (d)  Molar  mass  of  solute  decreases 


79.  The  temperature  of  a  city  was  found  to  be  -9.3°C.  A  car  was  used,  whose  radiator  was  filled 
with  5  L  of  water.  What  quantity  of  antiffeezing  agent  ethylene  glycol  were  added  to  water  of 
radiator  in  order  to  use  the  car  for  travelling?  (Kf  of  water  1.86  K  kg  mol”1) 

(a)  3200  g  (b)  1670  g  (c)  1550  g  (d)  2100  g 

80.  The  cryoscopic  constant  of  water  is  1.86  K  kg  mol-1.  A  0.01  molal  acetic  acid  solution  produces 

a  depression  of  0.0194°C  in  the  freezing  point.  The  degree  of  dissociation  of  acetic  acid  is: 
(a)  zero  (b)  0.043  (c)  0.43  (d)  1 

81.  If  lm  solution  of  benzoic  acid  in  benzene  has  a  freezing  point  depression  of  2.4°C. 
(Kf  =5.12?C  mol”1  kg)  and  boiling  point  elevation  of  2.53°C  (Kb  =2.53?C  mol”1  kg), 

then  select  the  correct  statement/s  : 

Statement  I  :  there  is  dimer  formation  when  undergoing  freezing 
Statement  II  :  there  is  no  change  when  undergoing  boiling 
Statement  III  :  reverse  of  I  and  II 

Statement  IV  :  dimer  formation  in  freezing  and  boiling  state 

(a)  I,  II  (b)  II,  III  (c)  III,  I  (d)  only  I 

82.  In  a  0.5  molal  solution  KC1,  KC1  is  50%  dissociated.  The  freezing  point  of  solution  will  be 
(Kf  =  1.86  K  kg  mol”1): 

(a)  274.674  K  (b)  271.60  K  (c)  273  K  (d)  none  of  these 

83.  A  1.0  g  sample  of  Co(NH2CH2CH2NH2)3Cl3  is  dissolved  in  25.0  g  of  water  and  the  freezing 
point  of  the  solution  is  -0.87°C.  How  many  ions  are  produced  per  mole  of  compound?  The  K } 
of  water  is  1.86°C/molal 

(a)  2  (b)  3  (c)  4  (d)  5 

84.  An  aqueous  solution  contains  3%  and  1.8%  by  wt.  urea  and  glucose  respectively.  What  is  the 
freezing  point  of  solution?  (Kf  =  1.86°C/m) 

(a)  -1.172°C  (b)  -2.27°C  (c)  -1.5°C  (d)  none  of  these 

85.  Phenol  associates  in  benzene  to  a  certain  extent  in  dimerisation  reaction.  A  solution 

containing  0.02  kg  of  phenol  in  1.0  kg  of  benzene  has  its  freezing  point  depressed  0.69  K. 
Hence,  degree  of  association  of  phenol  dimerized  will  be  :  '  * ! 

[It^(C6H6)  =  5.12  K  kg  mol”1] 

(a)  0.63  (b)  0.73  (c)  0.83  (d)  0.93 

86.  Assuming  complete  ionisation,  the  solution  having  maximum  freezing  point  will  be: 

(a)  1  M CaF2  (b)  1.5  M  Al2(S04)3  (c)  2  M  NaCl  (d)  1  M  AgN03 

87.  In  a  0.2  molal  aqueous  solution  of  a  weak  acid  HX  the  degree  of  ionisation  is  0.25.  The  freezing 
point  of  the  solution  will  be  nearest  to:  (Kf  - 1.86  K  kg  mol”1) 

(a)  -0.26°C  (b)  0.465°C  '  (c)  -0.48°C  (d)  -0.465°C 

88.  An  aqueous  solution  of  0.01  M  KC1  causes  the  same  elevation  in  boiling  point  as  an  aqueous 

solution  of  urea  causes  the  depression  in  freezing  point.  The  concentration  of  urea  solution  is: 
(a)  0.01  M  (b)  0.005  M  (c)  0.02  M  (d)  0.04M 

89.  When  some  NaCl  was  dissolved  in  water,  the  freezing  point  depression  was  numerically  equal 
to  twice  the  molal  depression  constant.  The  relative  lowering  of  vapour  pressure  of  the 
solution  is  : 

(a)  0.117  (b)  0.034  (c)  0.0585  (d)  none  of  these 


PROBLEMS  IN  CHEMISTRY 


90.  Which  one  of  the  following  statements  is  false  ? 

(a)  The  correct  order  of  osmotic  pressure  for  0.01  M  aqueous  solution  of  each  compound  is 
BaCl2  >  KCl  >  CH3COOH  >  sucrose 

(b)  Isotonic  solutions  are  those  solutions  which  have  the  same  osmotic  pressure 

(c)  Raoultis  law  states  that  the  vapour  pressure  of  a  component  over  a  solution  is  proportional 

iV  ■  to  its  mole  fraction  in  liquid  state 

(d)  Two  sucrose  solutions  of  same  molality  prepared  in  different  solvents  will  have  the  same 
freezing  point  depression 

91.  0.1  molal  aqueous  solution  of  an  electrolyte  AB3  is  90%  ionised.  The  boiling  point  of  the 

solution  at  1  atm  is  :  CKj*h20)  =  0-52  K  kg  mol-1) 

(a)  273.19  K  (b)  374.92  K  (c)  376.4  K  (d)  373.19  K 

92.  Which  of  the  following  aqueous  solutions  has  osmotic  pressure  nearest  to  pure  solvent? 

(a)  Na2S04  (b)  BaCl2  (c)  Al2(S04)3  (d)  C12H22O11 

93.  0.1  M  NaCl  and  0.05 M  BaCl2  solutions  are  separated  by  a  semi-permeable  membrane  in  a 
container.  For  this  system,  choose  the  correct  answer  : 

(a)  There  is  no  movement  of  any  solution  across  the  membrane 

(b)  Water  flows  from  BaCl2  solution  towards  NaCl  solution 

(c)  Water  flows  from  NaCl  solution  towards  BaCl2  solution 

(d)  Osmotic  pressure  of  0.1  M  NaCl  is  lower  than  the  osmotic  pressure  of  BaCl2 
(assume  complete  dissociation) 

94.  Two  aqueous  solutions,  A  and  B,  are  separated  by  a  semi-permeable  membrane.  The  osmotic 
pressure  of  solution  A  immediately  begins  to  decrease.  Which  of  the  following  statement  is 
true? 

(a)  The  solvent  molecules  are  moving  from  the  solution  of  higher  osmotic  pressure  to  that  of 
lower  osmotic  pressure. 

(b)  The  initial  osmotic  pressure  of  solution  B  is  greater  than  that  of  solution  A . 

(c)  Solvent  molecules  are  moving  from  solution  B  into  solution  A. 

(d)  Both  (a)  and  (b)  are  true  statements. 

95.  Which  one  of  the  following  pairs  of  solution  can  we  expect  to  be  isotonic  at  the  same 
*  *  ‘  temperature? 

(a)  0.1  M  urea  and  0.1  M  NaCl  (b)  0.1  M  urea  and  0.2  M  MgCl2 

_  (c)  0.1  M  NaCl  and  0.1  M  Na2S04  (d)  0.1  MCa(N03)2  and  0.1  M  Na2S04 

. ;96.  The  empirical  formula  of  a  non-electrolyte  is  CH20.  A  solution  containing  3gL-1  of  the 
compound  exerts  the  same  osmotic  pressure  as  that  of  0.05 M  glucose  solution.  The  molecuHfr 
formula  of  the  compound  is  : 

(a)  CH 20  (b)  C2H402  (c)  C4H804  (d)  C3H603 

97.  A  semipermeable  membrane  used  in  the  measurement  of  osmotic  pressure  of  a  solution  allows 
the  passage  of: 

(a)  solute  molecules  through  it  (b)  solvent  molecules  through  it 

(c)  both  solvent  and  solute  molecules  (d)  either  solvent  or  solute 

98.  In  the  case  of  osmosis,  solvent  molecules  move  from  : 

(a)  Higher  vapour  pressure  to  lower  vapour  pressure 

(b)  Higher  concentration  to  lower  concentration 


(c)  Lower  vapour  pressure  to  higher  vapour  pressure  .» 

(d)  Higher  osmotic  pressure  to  lower  osmotic  pressure 

99.  The  osmotic  pressures  of  equimolar  solutions  of  urea,  BaCl2  and  A1C13  will  be  in  the  order  : 

(a)  A1C13  >  BaCl2  >  urea  (b)  BaCl2  >  A1C13  >  urea 

(c)  urea  >  BaCl2  >  A1C13  (d)  BaCl2  >  urea  >  A1C13 

100.  Which  of  the  following  solutions  will  have  maximum  osmotic  pressure?  Assume  90% 
dissociation  of  each  salt: 

(a)  decinormal  aluminium  sulphate 

(b)  decinormal  barium  chloride  solution  ' 

(c)  decinormal  sodium  sulphate  solution 

(d)  solution  of  equal  volumes  of  decinormal  barium  chloride  and  decinormal  sodium  sulphate 
solutions 

101.  Consider  0.1  M  solutions  of  two  solutes  X  and  Y.  The  solute  X  behaves  as  a  univalent  electrolyte 
while  the  solute  Y  dimerises  in  solution.  Which  of  the  following  statements  are  correct 
regarding  these  solutions? 

(1)  The  boiling  point  of  the  solution  of  X  will  be  higher  than  that  of  Y 

(2)  The  osmotic  pressure  of  the  solution  of  Y  will  be  lower  than  that  of  X 

(3)  The  freezing  point  of  the  solution  of  X  will  be  lower  than  that  of  Y 

(4)  The  relative  lowering  of  vapour  pressure  of  both  the  solutions  will  be  the  same 
Select  the  correct  answer  from  the  option  given  below  : 

(a)  1,  2  and  3  (b)  2,  3  and  4 

(c)  1,  2  and  4  (d)  1,  3  and  4 

102.  If  Mnonnal  is  the  normal  molecular  mass  and  a  is  the  degree  of  ionization  of  K3[Fe(CN)6],  then 
the  abnormal  molecular  mass  of  the  complex  in  the  solution  will  be: 

(a)  Mnorma]  (1  +  2a)"1  (b)  Mnorma]  (1  +  3a)'1 

•(c)  M normal  d  +  a)-1  (d)  equal  to  Mnormal 

103.  Equal  volumes  of  0.1  M  urea  and  0.1  M  glucose  are  mixed.  The  mixture  will  have: 

(a)  lower  osmotic  pressure  (b)  same  osmotic  pressure 

(c)  higher  osmotic  pressure  (d)  none  of  these 

104.  A  5%  (w/V)  solution  of  cane  sugar  (molecular  weight  =  342)  is  isotonic  with  1%  (w/V) 
solution  of  a  substance  X  The  molecular  weight  of  X  is: 

(a)  34.2  (b)  171.2  \  (c)  68.4  (d)  136.8 

105.  Insulin  is  dissolved  in  a  suitable  solvent  and  the  osmotic  pressure  (tc)  of  solutions  of  various 
concentrations  (g/cm3)  C  is  measured  at  20°C.  The  slope  of  a  plot  of  n  against  G  is  found  to  be 
4.65  x  lO-3.  The  molecular  weight  of  the  insulin  (g/mol)  is: 

(a)  3  x  105  (b)  9  x10s 

(c)  4.5  x  105  (d)  5.16  x  106 

106.  An  aqueous  solution  of  sucrose  (C12H22011)  having  a  concentration  of  34.2  gram/litre  has  an 
osmotic  pressure  of  2.38  atmospheres  at  17°C.  For  an  aqueous  solution  of  glucose  (C6H1206) 
to  be  isotonic  with  this  solution,  its  concentration  should  be  : 

(a)  34.2  gram  per  litre  (b)  17.1  gram  per  litre 

(c)  18.0  gram  per  litre  (d)  36.0  gram  per  litre 


107.  Which  of  the  following  experimental  methods  is  adopted  to  determine  osmotic  pressure? 

(a)  Berkley-Hartely’s  method  (b)  Beckmann’s  method 

(c)  Landsberger’s  method  (d)  Differential  method 

108.  Based  upon  the  technique  of  reverse  osmosis  the  approximate  pressure  required  to  desalinate 
sea  water  containing  2.5%  (mass/volume)  KN03  at  27°C  will  be 

(a)  10.5  atm  (b)  21  atm  (c)  12.2  atm  (d)  6.09  atm 

109.  A 1%  (wt/vol)  KC1  solution  is  ionised  to  the  extent  of  80%.  The  osmotic  pressure  at  27°C  of  the 
’  solution  will  be: 

(a)  6.95  atm  (b)  5.94  atm 

(c)  2.71  atm  (d)  3.30  atm 

110.  Osmotic  pressure  of  blood  is  7.40  atm,  at  27°C.  Number  of  moles  of  glucose  to  be  used  per  litre 
for  an  intravenous  injection  that  is  to  have  same  osmotic  pressure  of  blood  is: 

(a)  0.3  (b)  0.2  (c)  0.1  (d)  0.4 

111.  The  relationship  between  osmotic  pressures  (it-,,  n2  and  7c3)  at  a  definite  temperature  when  1  g 

glucose,  1  g  urea  and  1  g  sucrose  are  dissolved  in  1  litre  of  water  is  (assume  t  =  1  for  all): 
(a)  nx>n2>  %  (b)  7t3  >  7ta  >  n2 

(c)  71 2  ^  7t|  ^  Jt3  (d)  71 2  ^  7T3  ^  7tj 

112.  van’t  Hoff  proved  that  osmotic  pressure  (n)  is  a  colligative  property.  For  an  ideal  solution, 


osmotic  pressure  (ti)  is  helpful  to  determine  that  molecular  mass  of  solute  using  MB  = 


wbrt 


Law  can  be  show  by  the  curve  (C  =  concentration): 


C  =  constant 


C  =  constant 


T  =  constant 


T  =  constant 


113.  A  solution  containing  4.0  g  of  PVC  in  2  litre  of  dioxane  (industrial  solvent)  was  found  to  have 
an  osmotic  pressure  3.0  x  10~4  atm  at  27°C.  The  molar  mass  of  the  polymer  (g/mol)  will  be  : 

(a)  1.6  x  104  (b)  1.6  x10s  (c)1.6xl03  (d)1.6xl02 

114.  The  osmotic  pressures  of  0.010  M  solutions  of  KI  and  of  sucrose  ((^2^2(35!)  are  0.432  atm 
and  0.24  atm  respectively.  The  van’t  Hoff  factor  for  KI  is  : 

(a)  1.80  (b)  0.80  (c)  1.2  (d)  1.0 

1 15.  What  is  the  correct  sequence  of  osmotic  pressure  of  0.01  M  aq.  solution  of : 

(1)  Al2(S04)3  (2)  Na3P04 

(3)  BaCl2  (4)  Glucose 

(a)  7C4  >  7t2  >  %  >  (b)  7l3  >  7t4  >  7C2  >  7*1 

(c)  7l3  >  7t4  >  7t2  >  n2  (d)  7C:  >  7l2  >  Tig  >  7l4 


116.  1.0  molar  solution  of  the  complex  salt,  CrCl3  •  6H20,  displays  an  osmotic  pressure  of  3RT. 

0. 5  L  of  the  same  solution  on  treatment  with  excess  of  AgN O  3  solution  will  yield  (assume  a  =  1 ) : 
(a)  0.5  mole  of  AgCl  (b)  1.0  mole  of  AgCl  (c)  1.5  mole  of  AgCl  (d)  3.0  mole  of  AgCl 

117.  A  0.010  g  sample  of  Cr(NH3)4(S04)Cl  is  dissolved  in  25.0  mL  of  water  and  the  osmotic 
pressure  of  the  solution  is  59.1  torr  at  25°C.  How  many  moles  of  ions  are  produced  per  mole  of 
compound? 

(a)  1  (b)  4  (c)  2  (d)  3 

118.  Which  of  the  following  aqueous  solutions  should  have  the  highest  osmotic  pressure? 

(a)  0.011  M  A1C13  at  50°C  (b)  0.03  M  Nad  at  25°C 

(c)  0.012  M  (NH4)2S04  at  25°C  (d)  0.03  M  NaCl  at  50°C 

119.  X3V2(i  =  5)  when  reacted  with  A2B3(i  =  5)  in  aqueous  solution  gives  brown  colour.  These  are 
separated  by  a  semipermeable  membrane  AB  as  shown.  Due  to  osmosis  there  is: 


SPM 


(a)  brown  colour  formation  in  side  X  (b)  brown  colour  formation  in  side  Y 

(c)  formation  in  both  of  the  sides  X  and  Y  (d)  no  brown  colour  formation 

120.  Which  of  the  following  curves  represents  the  Henry’s  law? 


121.  According  to  Henry’s  law,  the  solubility  of  a  gas  in  a  given  volume  of  liquid  increases  with 
increase  in: 

(a)  Temperature  (b)  Pressure 

(c)  Both  (a)  and  (b)  (d)  None  of  these 

122.  At  300  K,  40  mL  of  03(g)  dissolves  in  100  g  of  water  at  1.0  atm.  What  mass  of  ozone  dissolved 
in  400  g  of  water  at  a  pressure  of  4.0  atm  at  300  K? 

(a)  0.1  g  (b)  1.2  g 

(c)  0.48  g  (d)  4.8  g 


123.  1  kg  of  water  under  a  nitrogen  pressure  of  1  atmosphere  dissolves  0.02  gm  of  nitrogen  at 
293  K.  Calculate  Henry’s  law  constant : 

(a)  7.7  x  104  atm  (b)  7.7  x  103  atm 

,  .  (c)  2x  10-5  atm  (d)  2x  10~2  atm 

124.  According  to  Henry’s  law,  the  partial  pressure  of  gas  (Pg  )  is  direcdy  proportional  to  mole 
,  fraction  of  gas  in  liquid  solution,  Pgas  -KH.Xgas,  where  KH  is  Henry’s  constant.  Which  is 

incorrect  ? 

(a)  Kh  is  characteristic  constant  for  a  given  gas-solvent  system 
.  (b)  Higher  is  the  value  of  Ku ,  lower  is  solubility  of  gas  for  a  given  partial  pressure  of  gas 

(c)  Kh  has  temperature  dependence 

(d)  Kh  decreases  with  increase  of  temperature 

125.  At  760  torr  pressure  and  20°C  temperature,  1  L  of  water  dissolves  0.04  gm  of  pure  oxygen  or 
0.02  gm  of  pure  nitrogen.  Assuming  that  dry  air  is  composed  of  20%  oxygen  and  80%  nitrogen 
(by  volume).  The  masses  (in  g/L)  of  oxygen  and  nitrogen  dissolved  by  1  L  of  water  at  20°C 
exposed  to  air  at  a  total  pressure  of  760  torr  are  respectively  : 

(a)  0.008,  0.016  (b)  0.016,  0.008 

(c)  0.16,  0.08  (d)  0.04,  0.02 


1.  TVvo  beaker  A  and  B  present  in  a  dosed  vessel.  Beaker  A  contains  152.4  g  aqueous  solution  of  urea, 
containing  12  g  of  urea.  Beaker  B  contains  196.2  g  glucose  solution,  containing  18  g  of  glucos*e. 
Both  solutions  allowed  to  attain  the  equilibrium.  Determine  wt.  %  of  glucose  in  it’s  solution  at 
equilibrium : 

(a)  6.71  (b)  14.49  (c)  16.94  (d)  20 

2.  TWo  components  A  and  B  form  an  ideal  solution.  The  mole  fractions  of  A  and  B  in  ideal 

solution  are  XA  and  XB>  while  that  of  in  vapour  phase,  these  components  have  their  mole 
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fractions  as  YA  and  YB.  Then,  the  slope  and  intercept  of  plot  of  —  vs.  —  will  be  : 

ya  xa 


3. 


4. 


5. 


D°  p°  _  D° 

(a) 


(b) 


Pb  Pa 


P° 

(0 


(d)  p;-pb°>— 


At  48°C,  the  vapour  pressure  of  pure  CS  2  is  850  torr.  A  solution  of  2.0  g  of  sulphur  in  100  g  of 
CS2  has  a  vapour  pressure  844.9  torr.  Determine  the  atomicity  of  sulphur  molecule: 

(a)  1  (b)  2  (c)  4  (d)  8 

An  ideal  solution  contains  two  volatile  liquids  A  (P°  =  100  torr)  and  B  (P°  =  200  torr).  If 
mixture  contain  1  mole  of  A  and  4  mole  of  B  then  total  vapour  pressure  of  the  distillate  is: 
(a)  150  (b)  180  (c)  188.88  (d)  198.88 


The  vapour  pressure  of  two  pure  liquids  A  and  B,  that  form  an  ideal  solution  are  100  and 
900  torr  respectively  at  temperature  T.  This  liquid  solution  of  A  and  B  is  composed  of  1 
mole  of  A  and  1  mole  of  B.  What  will  be  the  pressure,  when  1  mole  of  mixture  has  been 


vaporized? 

(a)  800  torr  (b)  500  torr  (c)  300  torr  (d)  None  of  these 

6.  Which  of  the  following  represents  correctly  the  changes  in  thermodynamic  properties  during 
the  formation  of  1  mole  of  an  ideal  binary  solution  : 


mole  fraction 


mole  fraction 


7.  A  saturated  solution  of  XC13  has  a  vapour  pressure  17.20  mm  Hg  at  20°C,  while  pure  water 
vapour  pressure  is  17.25  mm  Hg.  Solubility  product  (Ksp)  of  XC13  at  20°C  is: 

(a)  9.8  x  10-2  (b)  10-5  (c)  2.56  x  10-6  (d)  7  x  10-5 

8.  A  certain  non-volatile  electrolyte  contains  40%  carbon,  6.7%  hydrogen  and  53.3%  oxygen.  An 
<;  aqueous  solution  containing  5%  by  mass  of  the  solute  boils  at  100.15°C.  Determine  the 

molecular  formula  of  the  compound  (Kb  =  0.51°C/m): 

(a)  HCHO  (b)  CH3OH  (c)  C2HsOH  (d)  C6H1206 

9.  A  0.10  M  solution  of  a  monoprotic  acid  (d  =  1.01  g/cm3)  is  5%  ionized.  What  is  the  freezing 
point  of  the  solution?  The  mol.  wt.  of  the  acid  is  300  and  Kf  (H20)  =  1.86°C/m: 

(a)  -0.189°C  (b)  ~0.194°C  (c)  -0.199°C  (d)  None  of  these 

10.  An  aqueous  solution  boils  at  101°C.  What  is  the  freezing  point  of  the  same  solution? 
(Given:  Kf  =  1.86°C/m  and  Kb  =0.51°C/m) 

(a)  3.647°C  (b)  -3.647°C  (c)  -0.364°C  (d)  None  of  these 

11.  An  industrial  waste  water  is  found  to  contain  8.2%  Na3P04  and  12%  MgS04  by  weight  in 
solution.  If  %  ionisation  of  Na3P04  and  MgS04  are  50  and  60  respectively  then  it’s  normal 
boiling  point  is  [Kb  (H20)  =  0.50  K  kg  mol-1] : 

(a)  102.3°C  (b)  103.35°C  (c)  101.785°C  (d)  None  of  these 

12.  Ratio  of  — -  of  10  g  AB2  and  14  g  A2B  per  100  g  of  solvent  in  their  respective,  solution  (AB2 

Kb 

and  A2B  both  are  non-electrolytes)  is  1  mol/kg  in  both  cases.  Hence,  atomic  wt.  of  A  and  B  are 
respectively : 

(a)  100,  40  (b)  60,  20  (c)  20,  60  (d)  None  of  these 

13.  The  freezing  point  of  a  solution  containing  0.2  g  of  acetic  acid  in  20.0  g  benzene  is  lowered  by 
0.45°C.  Calculate  the  degree  of  dimerization  of  acetic  acid  in  benzene.  Kf  for  benzene  is  5.12 
K  mol-1  kg : 

(a)  0.527  (b)  0.80  (c)  0.945  (d)  None  of  these 

14.  If  boiling  point  of  an  aqueous  solution  is  100.1°C,  what  is  its  freezing  point?  Given,  enthalpy  of 
fusion  and  vaporisation  of  water  are  80  cal  g-1  and  540  cal  g-1  respectively: 

(a)  0.361°C  (b)  -0.361°C  (c)  -3.61°C  (d)  None  of  these 

15.  100  g  ofC6H1206  (aq.)  solution  has  vapour  pressure  is  equal  to  40  torr  at  certain  temperature. 

Vapour  pressure  of  H20(D  is  40.8  torr  at  same  temperature.  If  this  solution  is  cooled  to 
-0.93°C,  what  mass  of  ice  will  be  separated  out?  (Kf  =  1.86  kg  mol-1) 

(a)  95.5  g  (b)  4.5  g  (c)  45.5  g  (d)  47.8  g 

16.  1.0  g  of  a  monobasic  acid  HA  in  100  g  water  lowers  the  freezing  point  by  0.155  K.  If  0.75  g,  of 
same  acid  requires  15  mL  of  IV/ 5  NaOH  solution  for  complete  neutralisation  then  %,  degree  of 
ionization  of  acid  is  (Kf  of  H20  =  1.86  K  kg  mol-1) : 

(a)  20%  (b)  25%  (c)  40%  (d)  50% 

17.  0.1  M  KI  and  0.2  M  AgN03  are  mixed  in  3  : 1  volume  ratio.  The  depression  of  freezing  point  of 
the  resulting  solution  will  be  [K s  (H20)  =  1.86  K  kg  mol-1] : 

(a)  3.72  K  (b)  1.86  K  (c)  0.93  K 


(d)  0.279  K 


18,  If  0.1  M  H2S04  (aq. )  solution  shows  freezing  point  -0.3906°C  then  what  is  the  Ka2  for  H2S04? 
(Assume  m  =  M  and  Kf(u2 o)  =  1*86  K  kg  moP1) 

(a)  0.122  (b)  0.0122  (c)l.llxl0“3  (d)  None  of  these 


19.  A  living  cell  contains  a  solution  which  is  isotonic  with  0.2  M  glucose  solution.  What  osmotic 
pressure  develops  when  the  cell  is  placed  in  0.05  M  BaCl2  solution  at  300  K? 

(a)  1.23  atm  (b)  3.69  atm  (c)  6.15  atm  (d)  None  of  these 

20.  What  is  the  osmotic  pressure  of  0.2  M  UX  (aq.)  solution  at  300  K? 

(Given  :  Ka(W0  =  8  x  1CT5) 

(a)  4.926  atm  (b)  0.5024  atm  (c)  5.024  atm  (d)  None  of  these 

21.  A  solution  contain  8  g  of  a  carbohydrate  in  100  g  of  water  has  a‘  density  1.025  g/mL  and  an 
osmotic  pressure  of  5  atm  at  27cC.  What  is  the  molar  mass  of  the  carbohydrate? 

(a)  387  ’(b)  374  (c)  3740  (d)  None  of  these 

22.  Study  the  following  figure  and  choose  the  correct  options.  Assuming  complete  dissociation  of 
electrolyte: 


(a)  There  will  be  no  net  moment  of  any  substance  across  the  membrane 

(b)  MgCl2  will  flow  towards  the  A12(S04)3  solution 

(c)  A12(S04)3  will  flow  towards  the  MgCl2  solution 

(d)  The  n  (osmotic  pressure)  of  0.1  M  MgCI2  is  higher  than  the  it  of  0.05  M  Al2(S04)3 

23.  The  total  vapour  pressure  of  a  4  mole  %  solution  of  NH3  in  water  at  293  K  is  50.0  ton;  the 
vapour  pressure  of  pure  water  is  17.0  torr  at  this  temperature.  Applying  Henry's  and  Raoult’s 
laws,  calculate  the  total  vapour  pressure  for  a  5  mole  %  solution: 

(a)  58.25  torr  (b)  33  torr  (c)  42.1  torr  (d)  52.25  torr 

24. -25.  The  vapour  pressure  of  two  pure  liquids  A  and  B  which  form  an  ideal  solution  are  500  and 

800  torr  respectively  at  300  K.  A  liquid  solution  of  A  and  B  for  which  the  mole  fraction  of  A  is 
0.60  is  contained  in  a  cylinder  closed  by  a  piston  on  which  the  pressure  can  be  varied.  The 
solution  is  slowly  vaporized  at  300  K  by  decreasing  the  applied  pressure. 

24.  The  composition  of  vapour  when  first  bubble  formed  is: 

(a)  y  A  =  0.6;  yB  =  0.4  (b)  yA  =  0.48;  yB  =  0.52 

(c)  yA  =  0.52;  yB  =  0.48  (d)  yA  =  0.5;  yB  =  0.5 

25.  What  is  the  composition  of  last  droplet  of  liquid  remaining  in  equilibrium  with  vapour? 

(a)  xA  =  0.6;  xB  =  0.4  (b)  =  0.5;  xD  -  0.5 

(c)  xA  =0  J\xB  =  0.3  (d)  xA  -0.3;xb  =0.7 


PASSAGE  1 

Lowering  of  vapour  pressure  is  determined  by  Ostwald  and  Walker  dynamic  method.  It  is 
based  on  the  principle,  when  air  is  allowed  to  pass  through  a  solvent  or  solution,  it  takes  up 
solvent  vapour  with  it  to  get  itself  saturated  at  that  temperature 

I  and  II  are  weighted  separately  before  and  after  passing  dry  air.  Loss  in  mass  of  each  set, 
gives  the  lowering  of  vapour  pressure.  The  temperature  of  air,  the  solution  and  the  solvent  is 
kept  constant. 


I  J! 


L  Loss  in  mass  of  solvent  (wn  )  will  be  proportional  to: 

(a )P°-P  (b)  P  -P°  (c)  —  (d)  P  x.  P° 

P° 

2.  Gain  in  mass  of  anhydrous  CaCl2  is  proportional  to: 

(a)  P  (b)  P°  (c)  P  -  P°  (d)  P°-P 

P°  -P 

3.  - is  equal  to: 

po 

(a)  JL  (b)  i  (c)  -3—  (d)  ^ 

IV]  +  wn  W]  +  IV ||  IV]  -  VV|,  W] 

4.  Dry  air  was  passed  through  9.24  g  of  solute  in  108  g  of  water  and  then  through  pure  water. 
The  loss  in  weight  of  solution  was  3.2  g  and  that  of  pure  water  was  0.08  g.  The  molecular 
weight  (g/mol)  of  solute  is  nearly  : 

(a)  50  (b)  62  (c)  70  (d)  80 

PASSAGE  2 


A  dilute  solution  contains  Y  moles  of  solute  A  in  1  kg  of  solvent  with  molal  elevation 
constant  Kb.  The  solute  dimerises  in  the  solution  according  to  the  following  equation.  The 
degree  of  association  is  (a)  is: 

2 A  ^  A2 

1.  The  van’t  Hoff  factor  will  be: 

(a)  i  =  1  -  2a  (b)  i  =  1  -  —  (c)  i  =  1  +  —  (d)  i  =  1  +  a 

2  2 

2.  The  molecular  weight  observed  will  be: 

(a)  greater  than  actual  molecular  weight  (b)  lesser  than  actual  molecular  weight 

(c)  equal  to  the  actual  molecular  weight  (d)  cannot  be  predicted  by  the  data  given 


DILUTE  SOLUTION 


3.  The  degree  of  association  is  equal  to: 

(a)  a  =  (b)  a  =  2(KbX  -  Art>)  (c)  a  =  2  +  2AH 


ATb.2 


Kbx 


K„x 


(d)  a  = 


AT, 
2 Kbx 


ONE  OR  MORE  ANSWERS  IS/ARE  CORRECT 

1.  Which  of  the  following  statement(s)  is/are  correct,  if  intermolecular  forces  in  liquids  A,  B  and 
C  are  in  the  order  of  A  <  B  <  C? 

(a)  B  evaporates  more  readily  than  A 

(b)  B  evaporates  more  readily  than  C 

(c)  A  evaporates  more  readily  than  C 

(d)  all  evaporate  at  same  rate  at  constant  temperature. 

2.  When  non-volatile  solute  is  added  to  a  pure  solvent,  the: 

(a)  vapour  pressure  of  the  solution  becomes  lower  than  the  vapour  pressure  of  the  pure  solvent 

(b)  rate  of  evaporation  of  solvent  is  reduced 

(c)  solute  does  not  affect  the  rate  of  condensation 

(d)  .  none  of  these 

3.  The  total  vapour  pressure  of  a  binary  solution  is  given  by 

P  =  (100X^  +  260XB)mm  Hg 

where,  XA  and  XB  are  the  mole  fractions  of  components  A  and  B.  This  indicates  that  the: 

(a)  vapour  pressure  of  solution  is  less  than  the  pure  B  component 

(b)  vapour  pressure  of  solution  is  more  than  that  of  pure  A  component 

(c)  vapour  pressure  of  pure  A  is  100  mm  Hg  and  that  of  pure  B  is  260  mm  Hg 

(d)  the  vapour  pressure  of  pure  A  and  B  are  260  mm  Hg  and  100  mm  Hg  respectively 

4.  Which  of  the  following  is  correct  for  an  ideal  solution? 

(a)  AHmix  =  0  and  AVmix  =  0  (b)  AVmjx  =  0  and  A Smix  >  0 

Cc)  A Hmix  >  0  and  A Smix  >  0  (d)  A Gmix  =  0  and  ASmix  >  0 

5.  For  a  non-ideal  solution  with  a  negative  deviation: 

(a)  AHmix  =-ve  (b)  AVmix  =-ve  (c)  AS^  =-ve  (d)  A Gmix  =-ve 

6.  A  binary  solution  of  liquids  A  and  B  will  show  positive  deviation  from  Raoult’s  law  if  it  fulfils  . 
the  following  condition: 

(a)  PA  >  XAP%  and  PB  >XBP° 

(b)  The  intermolecular  forces  of  A-B<A- A,  B-B 

(c)  A H  mixing  is  positive 

(d)  AV  mixing  is  negative 

7.  Which  of  the  following  statements  is/are  correct  about  acetone  and  trichlorome thane 
mixture? 

(a)  mixtures  of  acetone  and  trichloromethane  shows  positive  deviation  from  Raoult’s  law 
(h)  the. forces  of  attraction  acting  between  molecules  of  acetone  and  trichloro-methane  in  a 
mixture  are  greater  than  those  acting  between  the  molecules  in  pure  acetone 

(c)  pure  acetone  can  be  obtained  by  the  careful  fractional  distillation  of  any  mixture  of 
acetone  and  trichloro-methane 

(d)  when  acetone  and  trichloro-methane  are  mixed,  the  enthalpy  change  is  negative 


8.  The  azeotropic  solutions  of  two  miscible  liquids: 

(a)  can  be  separated  by  simple  distillation 

(b)  may  show  positive  or  negative  deviation  from  Raoult’s  law 

(c)  are  supersaturated  solution 

(d)  behave  like  a  single  component  and  boil  at  a  constant  temperature 

9.  For  exact  determination  of  molecular  mass  through  colligative  properties  measurement: 

(a)  solute  must  be  volatile 

(b)  solution  must  be  very  dilute 

(c)  solution  must  be  formed  by  similar  nature  of  substances 

(d)  solute  must  not  be  dissociated  or  associated 

10.  For  the  depression  of  freezing  point  experiment.  The  correct  statement(s)  is/are: 

(a)  Vapour  pressure  of  pure  solvent  is  more  than  that  of  solution 

(b)  Vapour  pressure  of  pure  solvent  is  less  than  that  of  solution 

(c)  Only  solute  molecules  solidify  at  the  freezing  point 

(d)  Only  solvent  molecules  solidify  at  the  freezing  point 
11*  The  cryoscopic  constant  value  depends  upon: 

(a)  The  molar  mass  of  the  solute  in  the  solution 

(b)  The  molar  mass  of  the  solvent  in  the  solution 

(c)  The  enthalpy  of  vaporisation  of  the  solvent 

(d)  The  freezing  point  of  the  solvent 

12.  Consider  0.1  M  solutions  of  two  solutes  X  and  Y  The  solute  X  behaves  as  univalent  electrolyte, 
while  the  solute  Y  dimerises  in  solution.  Select  correct  statement(s)  regarding  these  solutions: 

(a)  The  boiling  point  of  solution  of  lX  will  be  higher  than  that  of  V 

(b)  The  osmotic  pressure  of  solution  of  T  will  be  lower  than  that  of  lX 

(c)  The  freezing  point  of  solution  of  X  will  be  lower  than  that  of  T 

(d)  The  relative  lowering  of  vapour  pressure  of  both  the  solution  will  be  the  same 

13.  Consider  following  solutions: 

(I)  I  M  glucose  (aq)  (II)  1  M  sodium  chloride  (aq) 

(III)  1  M  acetic  acid  in  benzene  (IV)  1  M  ammonium  phosphate  (aq) 

(a)  all  are  isotonic  solutions  (b)  III  is  hypotonic  of  I,  II,  IV 

(c)  I,  II,  IV  are  hypertonic  of  III  (d)  IV  is  hypertonic  of  I,  II,  III 

14*  Which  of  the  following  statements  is  (are)  incorrect? 

(a)  0.1  M  KC1  solution  will  have  the  same  osmotic  pressure  as  0.1  M  glucose  solution 

(b)  0.1  M  KC1  solution  will  have  the  same  boiling  point  as  0.1  M  urea  solution 

(c)  0.1  m  glucose  and  0.1  m  urea  are  isotonic 

(d)  0.1m  MgCl2  solution  will  have  less  relative  lowering  of  vapour  pressure  than  0.1  m  NaCl 
15.  Consider  following  solutions: 

0.1  m  C6H5NH^C1";  0.1  m  KCl;  0.1  m  Glucose;  0.1  m  Na2C2O410H2O 

(a)  the  solution  with  highest  boiling  point  is  0.1  m  Na2C2O410H2O 

(b)  the  solution  with  highest  freezing  point  is  0.1  m  glucose 

(c)  0.1  m  C6H5NH3C1  and  0.1  m  NaCl  will  have  the  same  osmotic  pressure 

(d)  0.1  m  glucose  solution  will  have  the  lowest  osmotic  pressure 


a 


MATCH  THE  COLUMN 


Column-I  and  Column-II  contains  four  entries  each.  Entries  of  column-I  are  to  be  matched 
with  some  entries  of  column-II.  One  or  more  than  one  entries  of  column-I  may  have  the 
matching  with  the  same  entries  of  column-II. 


Column-I 

(A)  n-hexane  +  n-heptane 
.‘(B)  Acetone  +  chloroform 
'  (C)  Chloro-benzene  and  bromo-benzene 

'(D)  Ethanol  +  water 


Column-I 

0. 1 M  glucose;  n2  :  0.1M  urea 
O.lMNaCI;  ji2  :  0.1MNa2SO4 

0.1M  NaCl;  n2  :0.1MKC1 
0.1iWCuSO4;rt2  :  0.1  M sucrose 


>  |  Column-1 

(A)  0.1MAl2(SO4)3 
l(B)  0.1MA1P04 
|(C)  0.1  M  urea 
J(D)  J).  1  MMgCl  2 _ _ 


Cotumn-I 

(Solute) 

1(A)  A1C13  if  a  =  0.8 
(B)  BaCl 2  if  a  =  0.9 
[(C)  Na3P04  if  a  =  0.9 
(D)  K4[Fe(CN)6]if  a  =  0.7 


Column-I 

(A)  Elevation  of  B.P. 

1(B)  Osmotic  pressure 
1(0  Relative  lowering  in  V.P. 
!(D)  Depression  of  F.P* _ 


c  Column-II 

(P)  Can  be  separated  by  fractional  distillation  j 

(Q)  Maximum  boiling  azeotrope  I 

i 

(R)  Cannot  be  separated  by  fractional 

distillation  completely  I 

(S)  Minimum  boiling  azeotrope _  J 


Column-II  3  I 

(P)  n j  and  tt2  are  isotonic  J 

(Q)  No  net  migration  of  solvent  across  the' 

membrane  I 

(R)  n,  is  hypertonic  to  ji2  j 

(S)  7t,  is  hypotonic  to  n2 


Column-II 

(P)  Solution  with  highest  boiling  point 

(Q)  Van’t  Hoff  factor  is  greater  than  1 

(R)  Solution  with  lowest  osmotic  pressure 

(S)  Solution  with  lowest  freezing  point 


Column-II  0 


(Van’t  Hoff  factor,  0 


(P)  i  =  3.4 

(Q)  i  =  2.8 

(R)  i  =  3.8 

(S)  i  =  3.7 


Column-II 

(P)  Colligative  property 

(Q)  Ebullioscopic  constant 

(R)  Berkeley-Heartley 

(S)  Ostwald  and  Walker  method 


Each  question  contains  STATEMENT-1  (Assertion)  and  STATEMENT-2  (Reason). 

Examine  the  statement  carefully  and  mark  the  correct  answer  according  to  the  instructions 
given  below: 

(A)  If  both  the  statements  are  TRUE  and  STATEMENT-2  is  the  correct  explanation  of 
STATEMENT-1 

(B)  If  both  the  statements  are  TRUE  but  STATEMENT-2  is  NOT  the  correct  explanation  of 
STATEMENT-1 

(C)  If  STATEMENT-1  is  TRUE  and  STATEMENT-2  is  FALSE  . 

(D)  If  STATEMENT- 1  is  FALSE  and  STATEMENT-2  is  TRUE  '' 

1.  STATEMENT-1  :  An  increase  in  surface  area  increases  the  rate  of  evaporation. 
STATEMENT-2  :  Stronger  the  inter-molecular.  Attraction  forces,  faster  is  the  rate  of 

evaporation  at  a  given  temperature. 

2.  STATEMENT-1  :  An  ideal  solution  obeys  Raoult’s  law. 

STATEMENT-2  :  In  an  ideal  solution,  solute-solute  as  well  as  solvent-solvent,  interactions 
are  similar  to  solute-solvent  interactions. 

3.  STATEMENT-1  :  If  a  liquid  solute  more  volatile  than  the  solvent  is  added  to  the  solvent,  the 

vapour  pressure  of  the  solution  is  greater  than  vapour  pressure  of  pure 
solvent. 

STATEMENT-2  :  Vapour  pressure  of  solution  is  equal  to  vapour  pressure  of  solvent. 

4.  STATEMENT-1  :  AVmjX  and  ASmix  for  an  ideal  solution  is  zero. 

STATEMENT-2  :  A..B  interaction  in  an  ideal  solution  are  same  as  between  A..  A  andB...B. 

5.  STATEMENT- 1  :  Elevation  in  boiling  point  will  be  high  if  the  molal  elevation  constant  of 

the  liquid  is  high. 

STATEMENT-2  :  Elevation  in  boiling  point  is  a  colligative  property. 

6.  STATEMENT-1  :  The  boiling  point  of  0.1  M  urea  solution  is  less  than  that  of  0.1  M  KCl 

solution. 

STATEMENT-2  :  Elevation  of  boiling  point  is  directly  proportional  to  the  number  of  moles 
of  non-volatile  solute  particles  present  in  the  solution. 

7.  STATEMENT-1  :  The  observed  molar  mass  of  acetic  acid  in  benzene  is  more  than  the 

normal  molar  mass  of  acetic  acid. 

STATEMENT-2  :  Molecules  of  acetic  acid  dimerise  in  benzene  due  to  hydrogen  bonding. 

8.  STATEMENT- 1  :  Addition  of  ethylene  glycol  to  water  lowers  the  freezing  point  of  water, 

therefore,  used  as  antifreeze  substance. 

STATEMENT-2  :  Ethylene  glycol  is  soluble  in  water. 

9.  STATEMENT- 1  :  Osmotic  pressure  is  a  colligative  property. 

STATEMENT-2  :  Osmotic  pressure  developed  in  a  column  due  to  osmosis. 

10.  STATEMENT-1  :  Osmosis  involves  movement  of  solvent  molecules  from  its  lower 

concentration  to  its  higher  concentration. 

STATEMENT-2  :  Solutions  having  the  same  osmotic  pressure  are  called  isotonic  solutions. 


DILUTE  SOLUTION 


11.  STATEMENT-1  : 
STATEMENT-2  : 

12.  STATEMENT- 1  : 
STATEMENT-2  : 

13.  STATEMENT-1  : 

STATEMENT-2  : 

14.  STATEMENT-1  : 
STATEMENT-2  : 

15.  STATEMENT-1  : 
STATEMENT-2  : 

16.  STATEMENT-1  : 
STATEMENT-2  : 

17.  STATEMENT-1  : 
STATEMENT-2  : 

18.  STATEMENT- 1  : 

STATEMENT-2  : 

19.  STATEMENT-1  : 

STATEMENT-2  : 

20.  STATEMENT-1  : 
STATEMENT-2  : 
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Isotonic  solutions  must  have  the  same  molar  concentration. 

Solutions  which  have  the  same  osmotic  pressure  are  known  as  isotonic 
solution. 

Isotonic  solutions  do  not  show  phenomenon  of  osmosis. 

Isotonic  solutions  have  same  molar  concentration  at  same  temperature. 
When  dried  fruits  and  vegetables  are  placed  in  water,  they  slowly  get 
swelled. 

It  happens  due  to  the  phenomenon  of  osmosis. 

Reverse  osmosis  is  used  to  purify  sea  water. 

Solvent  molecules  pass  from  concentrate  solution  to  pure  solvent  through 
semipermeable  membrane  if  high  pressure  is  applied  on  solution  side. 
All  solutes  becomes  more  soluble  in  water  at  higher  temperature. 
Solubility  of  solute  depends  upon  temperature. 

Henry’s  law  is  always  applicable  for  gases. 

Raoult’s  law  is  a  special  case  of  Henry’s  law. 

Increasing  pressure  on  pure  water  decrease  its  freezing  point. 

Density  of  water  is  maximum  at  273  K. 

The  molecular  weight  of  acetic  acid  determined  by  depression  in  freezing 
point  method  in  benzene  and  water  was  found  to  be  different. 

Water  is  polar  and  benzene  is  non-polar. 

If  red  blood  cells  were  removed  from  the  body  and  placed  in  pure  water, 
pressure  inside  the  cell  increases. 

The  concentration  of  the  salt  content  in  the  cells  increases. 

Azeotrope  is  a  binary  mixture  formed  by  ideal  solutions. 

Azeotrope  boils  with  unchanged  composition. 


SUBJECTIVE  PROBLEMS 

1.  The  vapour  pressure  of  two  pure  liquids  A  and  B  are  5  and  10  torr  respectively.  Calculate  the 
total  pressure  of  the  solution  (in  torr)  obtained  by  mixing  2  mole  of  A  and  3  mole  of  B. 

2.  The  vapour  pressure  of  two  pure  liquids  A  and  B  are  50  and  40  torr  respectively.  If  8  moles  of  A 
is  mixed  with  x  moles  of  B,  then  vapour  pressure  of  solution  obtained  is  48  torr.  What  is  the 
value  of  x. 

3.  The  vapour  pressure  of  a  liquid  solution  containing  A  and  B  is  99  torr.  Calculate  mole  %  of  B  in 
'  vapour  phase. 

(Given  :P°A  =100  torr  ;  Pg  =80  torr) 

4.  If  30  g  of  a  solute  of  molecular  weight  154  is  dissolved  in  250  g  of  benzene.  What  will  be  the 
boiling  point  of  the  resulting  solution  ? 

(Given  :  KMC6h6)  =2.6Kkgmol_I) 


5.  Calculate  elevation  in  boiling  point  for  2  molal  aqueous  solution  of  glucose. 

(Given  :  KHH?0)  =  0.5K  kg  mol"1) 

6.  Calculate  depression  of  freezing  point  for  0.56  molal  aq.  solution  of  KC1. 

(Given  :  K/(h20)  -1.8K  kg  mol-1). 

/ 

7.  What  is  the  maximum  value  of  van’t  Hoff  factor  for  A1C13  ? 

8.  A  solution  containing  500  g  of  a  protein  per  litre  is  isotonic  with  a  solution  containing  3.42g 
sucrose  per  litre.  The  molecular  mass  of  protein  in  5  x  10* ,  hence  x  is. 

9.  An  aqueous  solution  of  urea  has  a  freezing  point  of-0.515°C.  Predict  the  osmotic  pressure  (in 
atm)  of  the  same  solution  at  37°C. 

(Given  :ff/(H2o)  =1-86K  kg  mol"1) 

10.  0.2 M  aq.  solution  of  KC1  is  isotonic  with  0.2 M  K2S04  at  same  temperature. 

What  is  the  van’t  Hoff  factor  of  K2S04  ? 
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PROBLEMS  IN  CHEMISTRY 


■ :  7466 _ 

One  or  More  Answers  is/are  Correct 


1. 

(b,c)  2. 

(a,b,c)  3.  (a,b,c) 

4.  (a,b,d) 

5.  (a,b,d) 

6.  (atbpc)  . 

7.  (b,d) 

,  9. 

(b,d)  10. 

(a,d)  11.  (b,c,d) 

12.  (arbtc) 

13.  (b,c,d) 

14.  (a,b,d) 

IS.  (a,b,c,d) 

Match  the  Column 

1. 

A->  P; 

B— ►  Q,  R; 

P; 

D->  R,  S 

2. 

A-»  P,  Q; 

B-»  S; 

C-»  P,  Q; 

D-»  R 

3. 

A->  P,  Q,  S; 

B->  Q; 

C->  R; 

D->  Q 

4. 

A-»  P; 

B->Q; 

C-»  S; 

D->  R 

5. 

A->  P,  Q; 

B->  P,  R; 

C-f  P,  R; 

D— >  P 

Assertion-Reason  Type  Questions 


1.  (C) 

2. 

(A) 

3. 

(C) 

-4; 

(D) 

Hlpi 

(A) 

(B) 

8.  (B) 

10. 

(B) 

.  .11.  (D) 

12. 

(A) 

13. 

(A) 

: 

14.' 

(B) 

(C) 

ife 

(A) 

18.  (C) 

20. 

(D) 

Subjective  Problems 


Hints  and  Solutions 


Level  1 

2.  (b)  Given  P,  =  19  mm  Hg,  P2  =  760  mm  Hg; 
=  40670  J/mol 

Applying  Clausius-Clapeyron’s  equation 


Pj  2.303 


or 


«p  (t 2  ~ 

xK  ^  T{T2  J 

lo  ^60  _  40670  ^373-7^ 

°g  19  2.303  x8.3  ^  x  373J 


on  solving,  we  get  =  291 A  K 
3.  (a)  Initial  wt.  of  H2O(0  =  18  g; 

x  7.6 

l  760  ) 

nH2o(g)“  0.0821x300 


0.01 


%  wt.  of  H20  vaporised  =  x  100 


18 


1% 


9-  (d)  Solution  X  is  unsaturated  so  v.  pr.  will  be 

more,  solution  Y and  Z  are  saturated  so  v.  pr. 

of  y  =  v.  pr.  of  Z  and  2  gm  of  solute  would  be 

present  in  form  of  solid  in  system  Z. 

_  /JXP0^  P°-P  n 

11.  (d)  —  =  *wluM  or—=  — 

=>  0.01;  P  =  0.99  P° 


0.1  +  9.9 
13.  (c)  Given  PA  -  750  mm  Hg 

v  373  K  is  boiling  point  of  water. 
Thus,  PA  =  760  mm  Hg 
1000 


m 


fP°-P^  x 
"l  P  ) 


M 


10  1000 


solvent 


0.74 


750  18 

14.  (c)  Normal  boiling  point  of  water  is  100°C, 
hence 

P°  (H20)  =  760  torr;  M(H20)  =  1 8  g/mol 
1000 


m 


M 


h2o 


=>  P  =  746.5;  AP  =  13.45  torr 


,s- 00 '■■■(S'”’"’"7' 


^  solute  “  W-114g,  M  solvent  114 


P°-P< 


or 


16.  (b) 


P°-P 


ps  Msotutc  xw 
P°  -  (80/100)P°  tv  x  114. 
(80/100)  P°  40  x  57  ’ 

w  =  5g  :: 

n  „  n 
n  +  N  ~  N 

(for  very  dilute  solution) 
n  n 


2  x 


Mb=2Ma 


17.  (c)  We  know  that 

v  PAXA 

Ya  =  A  A  or 

P,  0«1 

PA  >  Aoul 

20 

18.  (a)  Moles  of  A  =  —  => 

40 

moles  of  B  =  —  =5 
80 
0.5 

Xa  “  0.5  +  0.25 

=>  100  X  0.67  +  40  X  0.33  =>  80  ton- 

19.  (a)  Since,  P  =  XAP%  +  XBPBt  we  have 
3 


y a  _ 

X  A  Ptota\ 

£>i  or  YA>XA 

A  A 

:>  0.5; 

=>  0.25 

=  0.67;  xB  =  0.33 


+  3 


PB  =  550  mm  Hg; 


f  — — I  P?  +  I  — — ]  Pg  =  560  mm  Hg 

ll  +  4J  *  ll  +  4j 

That  is,  0.25  PA  +  0.75  Pfl°  =  550  mm  Hg; 
0.20  PA  +  0.8  Pg  =  560  mm  Hg 
Solving  for  PA  and  Pg,  we  get; 

PA  =  400  mm  Hg  and  Pg  =  600  mm  Hg 


20.  (a )yA-f  => 


PAXA  A  PBXB 


Za  =  £ix_^a 
Yb  PS  XB 


xA=-  or  xR=- 


4  1  xA 

—  -  —  x - - — 

3  3  a-xA ) 


21.  (a)  x ,  - -  =>  — ;  xR  =  —; 

A  1+3  4  5  4 

Za  =  £1x£a 

Yb  Pb  xb 

Za  1::1 
a-yA)  3  3 

1  1 
-  or  yA-  — 

9  A  10 

26.  (a)  Elevation  in  boiling  point  x  concentration  of 
a  solution.  Thus,  the  order  of  concentration 
of  solution  is  I  <  II  <  III. 

34.  (d)Pideal  =  P>A  +  PB°*B; 


=  100x1  +  80x1 

4  4 


85  mm  Hg 


•  ^actual  =  90  mm  Hg; 

v  Actual  v.  pr.  is  greater  than  ideal 
solution  v.  pr.  so  -fve  deviation  from 
Raoult's  law. 

35.  (d)  From  an  azeotropic  mixture  the  components 
cannot  be  separated  at  boiling  point  because 
it  is  a  constant  temperature  boiling  mixture. 
39.  (c)  For  two  immiscible  liquid; 

P°A  =  Ptotai  -  Ph^o  =  748  -  648  =>  100 


'  Ph2g  =  748  -  648 


wa  =  pMa. 

PZM’ 


M,  =  x 
A  1 


1.25  648x18 


l  _Ld  -LA 
"  P° 


Pa 


Pb  mb 


0.7  112.5 

-  X - 

7  18 


xl00  =  5^xl00 

1.625 


45.  (c)  For  high  v.  pr.  concentration  of  solute 
should  be  low  and  temperature  should  be 
high. 

„  .  P°-P  1000 

49.  (c )  mi  = - x - ; 

P  ^solvent 

„  (20.0126  -  20)  x  1000 

/  m  = - ; 

20x18 

m  =  5  x  10-3 

51.  (d)Arb=^,,.m  =>  3.63  x°‘61^ 154  xl000; 

Tfc  =  61.7  +  0.968 
=>  62.67°C 

52.  (d)  Tt,  =  80.26,  AT;,  =0.16; 

0.16  =  2.53  x  0  26  7  —  x  1000;  M  *  367 
11.20 

that  is  almost  molar  mass  of  C20H16Fe2. 

54.  (d)  ATb  (normal)  -  Khm  =  2.53  x  1  =  2.53  K; 

.  _  obs)  _  1.518  _ 


i  =  a  =  0.8 

55.  (b)  AHvap  =Ms°1Vent  XR  XTMsolvent) 
vap  1000  xKb 


57.  (a)  XY2  Xz+  +  2 Y~ 

Initially  1  0  0 

at  equilibrium  1  -  a  a  2a 

Total  no.  of  moles  =  l~a  +  a  +  2a=l  +  2a 
.  _  Normal  molar  mass  1  +  2a  _  164 
Observed  molar  mass  ’  1  65.6 

a  =  0.75;  %  a  =  75% 

2  304 

60,  (b)  AT,  =  2.304;  m  =  =>  q.16; 


._  92x8.314  x(383.7r 
1000  x3.32 

=  33.91  kj/mol  «  34  kJ/mol 
XY2  ^  Xz+  +  2 Y~ 


x  1000 


2.6  1000 

0.16  = - x - ;  M 

M  100 


42+  (a)t-l  +  (n-l)a  so  n 


C(1  -  a)  + 


43.  (c)  i  =  - 


i  =  1  -  a  +  ■ 


61.  (b)  Mc4H10  = : 


0  1  8 

m  —  — —  x  1000  =>  0.9 
200 

AT,  =  5.12x0.9  =>  4.608; 

Tf  =  5.5  -  4.608  0.892°C 


62.  (d) 


-4°F  -  -20°C; 


A  AT f  =  20°  C 


ATf  =Kf.m  m  — - =  10.75 

'  ;  1.86 

mass  of  C2H5OH  required 

=>  10.75x46  =>  494.5  g 

67.  (d)  ATf  =Kf.  m  =>  0.93  =  1.86  x  —  x  — , 
}  }  M  1.2 

M  -  60  and  30  x  n  =  60;  n  —  2 

so  compound  is  C2H402. 

73.  (b)  ATf  =  Kj  x  molality  x i; 

0.558  =  1.86  x  0.1  xt  or  i  =  3 
Thus  complex  is  [CoCl.  xNH3].C12.  Since 
co-ordination  number  of  CO  is  six,  thus 
complex  is  [C0(NH3)5C1]C12. 

74.  (d)  Depression  in  freezing  point,  ATf  =iK ^m. 

The  value  of  van’t  Hoff  factor  (i)  is  minimum 
for  the  glucose,  which  is  a  non-electrolyte. 
Hence,  aqueous  solution  of  glucose  has 
highest  freezing  point. 

75.  (a)  Molality  of  solution  should  be  same 

Ma=M2; 

4  1000  10  1000  ■ 

—  x - = - x - or  Mr  =160 

60  96  Mb  90  * 

76.  (b)  ATf  =Kf.m  =>  1.86  =  ^  xl 

=>  iC/(H20)=1.86 

for  HCOOH;  0.02046  =  1.86  x  0.01  (1  +  a); 

a  =  0.1;  so  [H+]  =  a  =>  10‘3;  pH  =  3 

77.  (a)  The  reaction  when  KI  is  added  in  Hgl2 

Hgl2  +  2KI  - ►  K:HgI4  ^  2K+  +  Hgl^ 

Since,  number  of  ions  decreased,  so  freezing 
point  increases. 

78.  (b)  ATf  =  mKfi 

ATb  =  mKj 


i  ! ,  So  Mobs  increases 

79.  (c)  To  use  car;  ATf  =Tf  -  Tf  =  9.3  K 

:.ATf-Kfm  =>  9.3  =  1.86  m  =>  m  =  5 
number  of  moles  of  ethylene  glycol  added 
to  5  L  of  water  of  radiator  =  5x5  =  25 
or  25  x  62  1550  g 

80.  fb)  Given  Kx  =  1.86  K  kg  mol"1,  m  -  0.01, 


ATf  =  0.0194°  C 
.\  ATf  =i'Kfm; 


83.  (c)  ATr  =Kf.  m.i; 

;  (  i  iooo^  . 

0.87  =  1.86  xi  x  - x -  ;  i=4 

1.345.5  25  J 

84..  (a)  AT,  =Kf  +  "2  xl000  ; 

f  '  f  lvvsolvent  / 
rj_  +  N 

ATf  =  1.86  -£2 — l§°xl000  I  YJ2 

T  95.2 


Tf-Tf  =  1.172°C;  77  =  -1.172°C 


85.  (b)  ATt  =Kf.  m.i 


i  = 1  -  a  + 


i  =  0.633; 
a  =  0.73 


87.  (d) 


i  =  1  +  a 


ATf  -Kf.m.i  =>  1.86x0.2x1.25 
or  ATf  -  0.465  or  Tf=- 0.465° C 


89.  (a)  A Tf-Kf.mA  =>  j 

v  i  =  2  so  m  =  1 
P°-P  =  Ln  _ 
P°  i.n  +  N 

2x1  x  58.5 


.  n  _  i  x  m.  M 
1  N  ~  1000  ; 


91.  (d)i=l  +  3a  =>  1  x  3  x  0.9  3.7; 

A Th=iKb.m^>  0.52  x  0. 1  x  3.7  =>  0.19 
Th=Tb  +  0A9=>  373  +  0.19  =>  373.19 


102.  (b)  K3[Fe(CN)6]  ; 

At  t  -  0  1 

After  ionization  (1  -  a) 


3K+  +  [Fe(CN)6]3 


a;  i=l+3a 


i  —  ^normal  ■ 


1  +  3a  _  ^normal 
1  ^abnormal 


-n.  ,  .  5  1000  1  1000 

104.  (c)  tui  =  n7;  - x - =  —  x - 

1  2  342  100  X  100 

=>  X  =  68.4 


105.  (d) 


1.86x0.01 


or  i  =  1.043  or  a  =  0.043 


W  RT 

71  = -  X - 

M  V 


or  M  - 


f  n  RT 
-or  —  -  — 
r  C  M 

,  RT 
slope  =  — 

M 

0.082  x  293 
4.65  xlO-3  xlO-3 


5.16  xlO6  g 


109.  (b)  it  =i.C.RT 


1  i  I 

1.8  x  _x~  x  24.63 
174.5  0.1  J 


111.  (c)  7i  =iCRT]  Where,  i=  1  for  each  of  the 
solution 

1 

v  7t  x - ; 

molecular  mass  of  solute 


113*  (b)  Mb  = 


7t2  ^  TTj  ^  7t3 

urea  glucose  sucrose 

(60)  (180)  (342) 

WB  xR  xT  4x0.0821x300 


3xKT*  x2 


a.6xio5 


mmjm  ,  .  .  Number  of  particles  in  KI  solution 

Number  of  particles  in  sucrose  solution 

n  (KI  solution)  0.432  atm  t  OA 

-  — - —  l.oU 

7t  (sucrose  solution)  0.24  atm 

115.  (d)  7t  =iCRT ;  i  =  5 for  A12(S04)3, 

i  =  4  for  Na3P04, 

i=3  for  BaCl2,  i  - 1  for  glucose 

So  osmotic  pressure  of  : 

Glucose  <  BaCl2  <Na3P04  <  A12(S04)3 

116.  (b)  n  =  iCRT,  t  =  3  =  1  +  (n  - 1)  a; 

For  the  salt  a  =  1,  hence  n  =  3 
[Cr(H?0)5Cl]Cl2H20  +  2AgN03 

- >  [Cr(H20)5Cl]2+  +  2AgCl(s) 

0.5  L  of  lm  salt  =  0.5  x  2-  1.0  mole  of  AgCl 

119.  (d)  Only  solvent  molecules  can  passed  through 

SPM  so  only  dilution  is  possible. 

120.  (a)  Henry's  law  is  m  =  K  *  P;  where,  m  =  mass  of 

gas  absorbed  by  given  volume  of  the 
solvent. 

P  =  pressure  of  gas; 
log  m  -  log  K  +  log  P 

122.  (d)40  mL  03  dissolve  in  100  g  water  at  300  K 
and  1  atm 


40  x  4  mL  03  dissolve  in  400  g  water  at  300 
K  and  1  atm 

v  mccP  so  (40  x  4)  x  4  mL  03  dissolve  in 
400  g  water  at  300  K  and  4  atm 


n0a  dissolved 


4x640  x  10~J 
0.0821x300 


or  mass  of  03  =  4.8  g 


Level  2 

1.  (b)  Mole  fraction  of  urea  in  iPs  solution 
12 

-  60 _  o  025 

"  12  140.4  ^  U 

60 +  18 

Mole  fraction  of  glucose 
18 

= - ISO -  ^  0.01 

18  178.2 

180  +  18 

v  Mole  fraction  of  glucose  is  less  so  vapour 
pressure  above  the  glucose  solution  will  be 
higher  than  the  pressure  above  urea 
solution,  so  some  H20  molecules  will 
•  transfer  from  glucose  to  urea  side  in  order  to 
make  the  solutions  of  equal  mole  fraction  to 
attain  equilibrium,  let  x  moles  H20 
transfered 

0.2  0.1 

- - -  =>  x  =  4 

0.2  +  7.8+  Jc  0.1+  9.9 -x 

now  mass  of  glucose  solution 
196.2-4x18  =>  124.2 
18 

wt.  %  of  glucose  = - x  100  14.49 

124.2 


PB  =PBXB 

(PA  and  PB  —  v.  pr.  of  pure  A  and  B) 


PAXA  +  PB(1-XA) 


XA(PA-PB)+PB 


Pa  *a 


So,  slope  of  —  and  intercept  = 


Pa-Pb 


„  ...  P°-P  n  W 

P  N  W  xN 
850-844.9  2x76 

844.9  ~  M  x  100 

252 

M  «  252;  n  = - ~8 

32 

atomicity  of  sulphur  is  8 

4.  (c)  P  =  PAxA  +  P£xB  =>  100  x  |  +  200  x  | 

=>  180  torr 

P°x 

yA (composition  of  A  vapour  phase)  =  — - 

20  1  v  8 

=>  -  =>  — ,  :.YE—  — 

180  9  9 

For  condensation  yA  -  x\;  yB  =  xlB 

Ptota\  ~PAXA  +  PBXB> 

Ptotaj  =  100  x  1  +  |  x  200  =>  188.88  torr 

5.  (c)  Let  nB  mole  of  B  present  in  1  mole  of  mixture 

that  has  been  vaporized.  Thus,  yB  =  -y- 

Mole  fraction  of  B  in  the  remaining  liquid 
phase  will  be  xB  =  - — — 


[v  P=Pj  +  (PB  -PT°)xB] 

and  yB=Y  =>  -(2) 

After  substitution  of  values  of  xB  and  yB  in 
(1)  and  (2) 


we  get  1  -  nB  =  - 


t'B  yT 
(1  -nB)PB° 


6.  (c)  For  an  ideal  solution  A Hmix  =  0  and  A Smix  is 

always  positive  so  A is  negative. 

„  .  p°-p  1000 

7.  (d)  mi  = - x - ; 

P  ^solvent 

,  (17.25-17.20)  x  1000  A  n>l 

4.  m  =  - - - ;  m  =  0.04 

17.2x18 

for  dilute  solution  molality  »  molarity  or  S; 


8.  (d)  Mole  ratio  of  C  :  H  :  O  is  1 :  2  : 1  so  empirical 
formula  is  CH20 

A  Tb  0.15  n 

™  -  — o  -  —v  0.294; 


0.294=*°  xlM; 
M  950 


M  «  180 


(CH20)„  =  180  or  30  x  n  =  180  or  n  =  6; 
molecular  formula  is  C6H1206, 

9.  (c)  Mass  of  1  litre  of  solution  =  1010  g; 

mass  of  solvent  =  1010  -  300  x  0.1  =>  980  g 
0  1 

m  =  —  0.102; 

0.98 

ATf  ~Kj.  m.i  -(1  +  a) Kf  -m 
A Tf  =  1.05  x  1.86  x  0.102  =  0.199°C; 

Tf  =  0-0.199  =  -0.199°C 


10.  (b )rn  =  ^ 
Kb 


0.51  Kf 
1  A7> 

0.51  1.86 


A7^  =  3.647  or  Tf  =- 3.647  °C 
11.  (c)  For  Na3P04,  i=l  +  3a  =1  +  3x0.5 
=  2.5;  for  MgS04,  i  =  1.6 
100  g  solution  contains  8.2  g  Na3P04  and 
12  g  MgS04 


effective  no.  of  moles  of  (Na3P04  +  MgS04) 
wt.  of  solvent  (in  g) 


f  8.2  _  _  12  . 

- x  2.5  + - x  1.6 

ATY  =  0.50  ^ - 120 - 


xlOOO. 


SO  1 


PB  ^  P~PT 
P  +  PB  PB  ~  Pf 


P  —  yPj3  'P?  =  V100  x  900 

300  torr 


=1.785°C 


Tb  =  100  +  1.785  =>  101.785X 

12.  Cb)ATi,=JCi,f^oiute_x_L_l><1ooo 


1000x10 
100  xMxn 


and 

13.  (c)  Given 


similarly  M  =140 

100  =MA  +  2‘  Mb 
and  :  140  =  2.  M  A  +  MB; 


Ma-6 0  and  MB  =  20 

Given  w  =  0.2g,  W  =  20  g,  AT  -  0.45; 

1000  xLxw 

AT,  = - L - 

;  M  xW 

1000x5.12x0.2 

or  0.45 - - 

20  xM 

M  (observed)  =  113.78 
Now  for  2CH3COOH  ^  (CH3COOH)2 


Before  association 

1 

After  association 

1  -  a 

where  a  is 

;  the  degree 

^normal  _ 

1  -  a  + 

a 

M  observed 

~2* 

60 

a 

or  - = 

1  -  a  + 

—  ■ 

f|  113.78 

2 

(b)  Given  A H^s  = 

80  cal  g' 

-1 

> 

Affyap.  — 

540  cal 

g-1 

a  =  0.945 


We  know,  AT,  -Kbxm 
and  ATf=KfXm; 

DT 2 

Also  it  =  — — - 

1000  x  AH 

_  Kb 


ATf  Kf 


1000  x  AHfi 


1000  x  AHV 


ATfe  _  Tb  X  AH^g 

AT'/  r/x  AHvap. 

0.1  373x373x80 

ATjr  "  273  x  273  x  540 

AT7  =  0.361  so, 

Tf  =  -0.361°C 

15.  (d)  Molality  of  solution  =  - - —  x  1999. 

PM 

40.8  -  40  1000 

=>  - X -  0.25 

40  18 

1000  g  water  present  with  45  g  glucose  or 
100  g  solution  has  4.31  g  glucose  and  95.69 
g  H20.  Final  molality  is  0.5,  1000  g  solvent 
contain  90  g  glucose  or  4.31  g  glucose 


present  with  ^  x  4.31  =47.88  g  H20  wt. 

of  ice  formed  =  95.69  -  47.88  =  47.8 g 

16.  Of)  ATf  =  Kf  x - ^ - x  1000; 

Macid  xWh2o 

Mac id  (observed)  - 120 
Normal  molecular  mass  of  acid  can  calculate 
as 

milli-equivalents  of  acid  =milli-equivalents 

of  base 

(for  HA  and  NaOH,  N  =M) 
-^•xl000  =  15xi 

^add  ^ 

^  ^arid  (Normal)  =  150 


120 

i  =1  +  a  =>  0.25 
%  a  =  25 

17.  (d)  KI(aq)  +  AgNQ3(aq)  - >  / 


►  Agl(s)>l 

+  KN03(aq) 
KN03  +  Agli 


KI  +  AgN03  — >  KN03  +  AgU 
Initial :  0.3  mole  0.2  mole  —  — 

Final :  0.1  mole  —  0.2  0.2 

Total  moles  of  solute  ions  =  (0.1  +  0.2)  x  2  (v  i  =  2) 

[Solute]  =  M 
4 

A  T,=Kr  — 

J  f  4 

=  1.86  =  0.279 K 

4 

18.  (b)A Tf=Kf.m.i  0.3906  =  ixl.86x0.1, 
i  -  2.1 

first  step  of  H2S04  is  strong  so 

U^OA  - >  H+  +  HS04; 

0  C  CQ  -  a) 


H+  +  soi 


CQ  -  a)  Ca  Ca 

C  (1  —  a  )  +  Ca  +  Ca  +  C 
1 "  C 

a  =0.1 

Now,  HSO4  H+  +  SO^_ 

C(1  -  a)  (Ca  +  C)  Ca 
_  C(1  +  a)  xCa 
fl2_  C(l-a) 

1.1  x  0.1  x  0.1  _00 

=>  - =  0.01 22 

0.9 


0.0122 


19-  (a)  7 t  =  (iCj -ijjCgJRT 

=>  (1  x  0.2- 3x0.05)  0.0821  x300 


:(842  torr)  (0.05)  =  42.1  torr 


1.23  atm 


20.  (c)  a=< 


=>  0.02; 


t  =  (1  +  a)  =>  1.02 

n^i.C.R.T 

=>  1.02x0.2x0.0821  x300 
^  5.024  atm 

21.  (b)  8  g  of  carbohydrate  is  present  with  100  g  of 
water  in  solution 

or  108  g  solution  contains  8  g  of 
carbohydrate; 

i/  108  _  __3  .. 

=— —  *10  litre 


P  =  P°  r 

1  water  1  water  •'water 


=  (17  torr)  (0.95)  =  16.15  torr 


Thus,  Ptora)  (5  mole  %  solution) 

=  pnh3  +  Pwater  =42.1  +  16.15  =  58.25  ton- 

24.  (b  )P  =  PaXa  +  PbXb 

=>  500  x0.6+  800x0.4 
=>  620  torr 

PA  300 

y .  —  — —  =>  - 

P  620 

=>  0.48;  yB  =  0.52 

25.  (c)  P  *  =  500;  PB°  =  800  torr 

T  Constant 


.  7t  =  —  x R  xT 
V 

8  1  025 

=>  —  x  x  1000  x  0.0821  x  300  =  5; 
M  108 

M  =  374  g/mol 

23.  (a)  The  given  data  are 

^watcr  ”17.0  torr, 

P<otai  (4  mole  %  solution) 

=  ^NH3  ***  ^"wntcr  =  50.0  ton* 

xnh3  =  0.04  and  xwater=0.96 

Now  according  to  Raoutfs  law; 


x*  =  0.6 


Ya  -  0.6 


Mole  Fraction 


When 

XA  =  0 


most  of  the  liquid  has  vaporized 
6  (given)  would  be  yA  =  0.6 


=  0.96  x  17.0  torr  =  16.32  torr 
Now  Henry's  law  constant  for  ammonia  is 


/Ch(NH3)  =  - 


33.68  torr 


=  842  torr 


Hence,  for  5  mole  %  solution,  we  have 
^nh3  -^h(NH3)xNH3 


pixA  +  p;a-xA) 

0.6  = _ 500  x* _ 

500^  +  800  (1  -  xA) 

xA  =  0.70;  xB  =  0.30 


Types  of  Solid 


Crystalline  solids 


They  have  a  defined  crystal  shape. 


Long-range  order 


They  have  sharp  melting  points 


Enthalpy  of  fusion  is  definite 


They  are  hard  and  rigid  solid s. 


Possess  definite  crystal  system  (cubic,  tetragonal, 
hexagonal,  octahedral,  etc.) 


They  are  true  solid 


They  split  into  two  pieces  when  cut  with  a  sharp- 
edged  tool ;  newly  generated  surfaces  are  plain  and 
smooth. 


Amorphous  solids 


(They  do  not  have  a  defined  geometrical  shape 
I  Short-range  order  | 


They  do  not  have  sharp  melting  points. 


Enthalpy  of  fusion  is  not  definite 


I  They  are  comparatively  soft  and  not  very  rigid. 


Crystal  system  absent ;  no  regular  repeating  unit 


They  are  pseudo  solid 


They  cut  into  two  pieces  with  irregular  surfaces 
when  cut  with  a  sharp-edged  tool. 


9.  They  are  anisotropic  (refractive  index  and  electrical 
conductivity  are  different  in  different  directions) 

(e  g. ,  NaCl,  CsBr,  CaF2  and  ZnS 


They  are  isotropic,  (physical  properties  are  same 
in  all  directions) 

(e  g. ,  Rubber,  plastic  and  glass) 


Types  of  Crystalline  Solids 


Type  of  solid 

Intermotecular  forces 

Properties 

Examples 

Ionic 

Ion-ion  forces 

Brittle,  hard  high  melting 

Nad,  KC1,  MgCl2 

Molecular 

Dispersion  forces/Dipole- 
Dipole  H-bond 

Soft,  low  melting  non-conducting 

C02> 

Covalent  network 

Covalent  bonds 

Hard:  High  melting 

C-Diamond,  Si02 

Metallic 

Metallic  bonds 

Variable  hardness  and  melting  point 
conducting 

Na,  Zn,  Cu,  Fe 

\ 


Crystal  System 


Crystal  Systems 


Bravais  Lattice 


Unit  Cell  Parameters 


Intercepts 


Crystal  Angles 


Cubic 


Primitive,  face  centered,  body  centered 


a-b  =  c 


a  =  p  =  y  =  90° 


Orthorhombic 


Primitive,  face  centered,  body  centered, 
end  centered 


a  *  b  *  c 


a  =  P  =  y  =  90° 


Rhombohedral 


Primitive 


a~b~c 


a  =  p  =  y  *  90° 


4. 

5. 

6. 

7, 


Monoclinic 


Primitive,  end  centered 


a±b±c 


a  =  y  “  90°, p  *  90° 


Triclinic 


Primitive 


a*b*c 


a  *p  *  y  *  90° 


Tetragonal 


Primitive,  body  centered 


a  =  b*c 


a  -  p  =  y  =  90° 


Hexagonal 


Primitive 


a  =  b*c 


a  =  p  =  90°,  y  =  120° 


Some  Formula 

(i)  d  =  packing  fraction  =  —  X  ^Atom  ;  (iij)  Void  fraction  =  1  -  Packing  fraction  ; 

N0a 3  ^Unitccll 

(iv)  C.No.  =No.  of  first  neighbours 

where  d  =  density  ;  M  =  Atomic  weight  of  element ; 

Na  =Avogadro’s  number  ;  a  =Edge  length  of  cube. 


Cubic  System 


Types  of  Packing 


S.No. 

\  Property:,.-;  '  ..  s 

;Hexagonal  close  packing  (HCP) 

Cubic  close  packing  (CCP)  j 

1. 

Co-ordination  No.  (C.No.) 

12 

12 

2, 

No.  of  atoms  per  unit  cell  (z) 

z-  6 

2  =  4 

3. 

Packing  fraction  (P.F.) 

P.  F.  =  0.74 

P.  F.  =  0.74 

4. 

Type  of  packing 

ABAB . 

ABCABC . 

Types  of  Voids 


S.No. 

Name  of  Void 

rVold/rSph*re 

Co-ordination  Number  (C.No.) 

1. 

Triangular  void 

0.155 

3 

2. 

Tetrahedral  void 

0.225 

4 

3. 

Octahedral  void 

0.414 

6 

4. 

Cubic  void 

0.732 

8 

Radius  Ratio 


S.No. 

Limiting  radjus  ratio  r—r^] 

t  *  ■  V  jSnlon  / 

J  C.No. 

Shape 

1. 

<0.155 

2 

Linear 

2. 

0.155 —  0.225 

3 

Planar  triangle 

3. 

0.225—  0.414  | 

4 

Tetrahedral 

4. 

0.414  —  6.732 

6 

Octahedral 

5- 

0.732—0.999 

8 

Like  body  central  cubic 

Types  of  Ionic  Structure 


S.No. 

Name  of  Structure  ^  r 

Location  of  Particle 

1. 

Rock  salt  (AB)  NaCl 

B~  :  ccp  lattice  ;  A+  :  Octahedral  void 

2. 

Zinc  blende  (ZnS) 

S2~  :  ccp  lattice  ;  Zn2+  :  Alternate  tetrahedral  void 

3. 

CsCl 

Cs+  :  Cube  centre  ;  Cl”  :  Comer  of  cube 

4. 

Fluorite  structure  (CaF2) 

Ca2+  :  fee  lattice  ;  F"  :  Tetrahedral  void 

5. 

Antifluorite  structure  Na20 

O2”  :  fee  lattice  ;  Na*  :  Tetrahedral  void 

Bragg’s  Equation 

2d  sin  0  =  nX 

n  =  1  First  order  reflection  ;  n  =  2  Second  order  reflection  ;  6  =  angle  of  reflection. 
d  =  distance  between  planes  ;  X  =  wavelength  of  x-ray 


Defects 


Point  Defects 

_ I _ 


V 


Stoichiometric 


Non-stoichiometric 


— \ 

Frenkel 


Schottky  Frenkel  Metal 

(ion-pair  missing)  (Dislocation  of  ions)  excess 


v 

Metal 

deficient 


Anionic  Vacency 
(electron  present  in  anionic 
vacency) 


\ 

Extra  caiton  in 
interstitial  site 


i 


Cationic  vacency 
defect 


(1)  Stoichiometric  defects 

❖  Vacancy:  When  constituent  particle  missing,  then  vacancy  defects  occurs. 

❖  Frenkel  :  The  defect  in  which  an  ion  is  displaced  from  its  regular  position  to  an 
interstitial  position  creating  a  vacancy.  Such  defect  is  known  as  frenkel  defects  or 
dislocation  defect. 

❖  Schottky :  Defect  in  which  a  pair  of  one  cation  and  one  anion  of  equal  valence  is  missing 
from  an  ionic  crystal  leading  to  a  pair  of  vacant  sites.  Such  defect  is  known  as  schottky 
defect. 

(2)  Non-Stoichiometric  defects  : 

❖  Metal  excess  defect :  The  defect  occurs  due  to  anionic  vacancies  or  due  to  the  presence 
of  extra  cations  at  the  interstitial  site. 

❖  Metal  deficiency  defect :  The  defect  occurs  due  to  absence  of  positive  ions  from  lattice 
site  or  extra  interstitial  negative  ions. 


Electrical  Properties 

The  solids  can  be  conductors,  insulators  or  semiconductors. 

❖  Conductors  conduct  electricity  through  movement  of  electrons  (metals)  or  ions  (electrolytes) . 

❖  The  atomic  orbitals  of  metals  form  molecular  orbitals  which  are  so  close  in  energy  that  they 
form  bands.  If  the  gap  between  the  filled  valence  band  the  next  higher  unoccupied  conduction 
band  overlaps,  the  electrons  can  jump  and  are  called  conductors.  If  this  gap  is  more,  the 
electrons  can  not  jump  and  the  substance  behaves  as  an  insulator. 

❖  In  semiconductors,  this  gap  is  small.  For  example,  silicon  and  germanium.  Their  conductivity 
can  be  increased  by  adding  impurity  (doping)  which  can  be  electron  rich  or  electron  deficient. 

❖  When  increase  in  conductivity  is  due  to  the  electron-rich  impurity,  it  is  called  n-type 
semiconductor. 

❖  When  the  increase  in  conductivity  isN  due  to  electron-deficient  impurity,  the  conductors  are 
called  p-type  semiconductors. 


Magnetic  Properties 

❖  Paramagnetic  2  Substance  weakly  attracted  in  magnetic  field  and  magnetized  in  same 
direction  is  known  as  paramagnetic  substance. 

❖  Diamagnetic  :  Substance  weakly  repelled  in  magnetic  field  is  known  as  diamagnetic 
substance 

❖  Ferromagnetic  2  Substance  attracted  very  strongly  by  magnetic  field  is  known  as 
ferromagnetic  substance. 

❖  Antiferromagnetic  :  Substance  in  which  oppositely  located  domains  cancel  out  each 
other’s  magnetic  moment  is  known  as  Antiferromagnetic  substance. 

❖  Ferrimagnetic  :  Substance  in  which  magnetic  moment  of  domains  are  arranged  in  parallel 
and  antiparallel  directions  in  unequal  numbers  is  known  as  ferrimagnetic  substance. 


1. 


2. 


3. 


Which  of  the  following  statement  is  true  for  ionic  solids? 

(a)  Ionic  solids  are  soluble  in  non-polar  solvent 

(b)  Under  the  electric  field  cations  and  anions  acquire  translatory  motion  in  opposite 
directions 

(c)  Structural  units  have  strong  electrostatic  force  of  attraction 

(d)  Structural  units  have  dipole-dipole  interactions 
Which  one  is  called  pseudo  solid  ? 

(a)  CaF2  (b)  Glass  (c)  NaCl  (d)  All 

Solids  which  do  not  show  the  same  physical  properties  in  different  directions  are  called: 


Cb)  Isotropic  solids 
(d)  Anisotropic  solids 

(b)  Covalent  solid 
(d)  Metallic  crystal 

(b)  anisotropic  and  supercooled  liquids 
(d)  isotropic  and  superheated  solids 


(a)  Pseudo  solids 
(c)  Polymorphic  solids 

4.  Graphite  is  an  example  of  : 

(a)  Ionic  solid 
(c)  vander  Waals’  crystal 

5.  Amorphous  solids  are: 

(a)  isotropic  and  supercooled  liquids 
(c)  isoenthalpic  and  superheated  liquids 

6.  Crystals  which  are  good  conductor  of  electricity  and  heat  are  known  as  : 

(a)  Ionic  crystals  (b)  Covalent  crystals 

(c)  Metallic  crystals  (d)  Molecular  crystals 

7.  The  bond  length  and  bond  angles  in  molecules  in  the  solid  state  are  calculated  by: 

(a)  X-ray  diffraction  technique  (b)  neutrons  bombardment 

(c)  protons  bombardment  (d)  none  of  these 

8.  The  unit  cell  with  parameters  a  =  p  =  y  =  90°  and  a  =  b  *  c  is  : 

(a)  Cubic  (b)  Triclinic  (c)  Hexagonal  (d)  Tetragonal 

9.  Triclinic  crystal  has  the  following  unit  cell  parameters  : 

(a)  a  =  b  =  c;  a  =  P  =  y  =  90°  (b)  a  =  b  *  c; a  =  P  =  y  =  90° 

(c)  a*b  *  C;  a  *  p  *  y  *  90°  (d)  a  =  b  *  c;a  =  p  =  90°, y  =  120° 

10.  If  all  three  interfacial  angles  defining  the  unit  cell,  are  equal  in  magnitude,  the  crystal  cannot 
be: 

(a)  rhombohedral  Cb)  cubic  (c)  hexagonal  (d)  tetragonal 

11.  In  a  Hexagonal  crystal  : 

(a)  a  =  p  =  y  *  90°; a  =  b  =  c  (b)  a  =  P  =  y  =  90°; a  =b  #  c 

(c)  a  =  p  =  y  =  90°;  a  *  b  *  c  (d)a=P  =  90°, y  =  120°;  a  -b  *  c 

12.  Orthorhombic  crystal  has  the  following  unit  cell  parameters  : 

(a)  a  =  b  =  c;a=p  =  y  =  90°  (b)  a  =  6*c;a=p  =  y  =  90° 

(c)a*b*c;a=P  =  y  =  90°  (d)  a  =  b*c;a=p  =  90°, y  =  120° 

13.  Which  of  the  crystal  systems  contains  the  maximum  number  of  Bravais  lattices? 

(a)  Cubic  (b)  Hexagonal  (c)  Triclinic  (d)  Orthorhombic 
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The  most  unsymmetrical  and  symmetrical  systems  are,  respectively  : 

(a)  Tetragonal,  Cubic  (b)  Triclinic  ,  Cubic 

(c)  Rhombohedral,  Hexagonal  (d)  Orthorhombic,  Cubic 

The  crystal  system  of  a  compound  with  unit  cell  parameters, 
a  =  0.328nm,  b  =  0.328 nm,  c  =  0.527  nm  and  a  =  p  =  y  =  90°  is  : 

(a)  Cubic  (b)  Tetragonal  (c)  Monoclinic  (d)  Rhombohedral 

In  the  primitive  cubic  unit  cell,  the  atoms  are  present  at  the: 

(a)  comers  of  the  unit  cell  (b)  centre  of  the  unit  cell 

(c)  centre  of  each  face  of  the  unit  cell  (d)  one  set  of  faces  of  the  unit  cell 

In  the  body  centered  unit  cell,  the  lattice  points  are  present  at  the: 

(a)  comers  of  unit  cell  only 

(b)  comers  and  centre  of  unit  cell 

(c)  comers  and  centre  of  each  face  of  the  unit  cell 

(d)  corners  and  at  one  set  of  faces  of  unit  cell 

In  the  face  centered  unit  cell,  the  lattice  points  are  present  at  the: 

(a)  comers  of  unit  cell  only  (b)  comers  and  centre  of  the  unit  cell 

(c)  comers  and  face  centres  of  the  unit  cell  (d)  face  centres  of  the  unit  cell 

The  effective  number  of  atoms  per  unit  cell  in  a  simple  cube,  face  centred  cube  and  body 
centred  cube  are  respectively: 

(a)  1,  4,  2  (b)  1,  2,  4  (c)  8,  14,  9  (d)  8,  4,  2 

What  would  be  the  effective  number  of  atoms  per  unit  cell  in  end  centered  cubic  unit  cell,  if 

this  type  of  unit  cell  exist  in  nature  ? 

(a)  1  (b)  2  (c)  3  (d)  4 

In  the  body  centered  cubic  unit  cell  and  simple  cubic  unit  cell,  the  radius  of  atom  in  terms  of 
edge  length  (A)  of  the  unit  cell  is  respectively: 
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In  the  face  centered  cubic  unit  cell,  the  radius  of  atoms  in  terms  of  edge  length  (a)  of  unit  cell  is : 
(a)  o/2  (b)  0/V2  (c)  a/2  42  (d)  V3a/4 

The  fraction  of  volume  occupied  by  atoms  in  a  primitive  cubic  unit  cell  is  nearly: 

(a)  0.48  (b)  0.52  (c)  0.55  (d)  0.68 

The  fraction  of  volume  occupied  by  atoms  in  a  body  centered  cubic  unit  cell  is: 

(a)  0.32  (b)  0.48  (c)  0.68  (d)  0.74 

The  fraction  of  volume  occupied  by  atoms  in  a  face  centered  cubic  unit  cell  is: 

(a)  0.32  (b)  0.48  (c)  0.68  (d)  0.74 

Which  of  the  following  crystal  lattice  has  the  minimum  empty  space? 

(a)  Simple  cubic  (b)  Body  centred  cubic 

(c)  Face  centred  cubic  (d)  Simple  tetragonal 

Which  of  the  following  has  the  smallest  packing  efficiency  for  atoms  of  a  single  type? 

(a)  Body  centered  cubic  (b)  Face  centered  cubic 

(c)  Simple  cubic  (d)  None  of  these 

Polonium  crystallizes  in  a  simple  cubic  structure.  The  edge  of  the  unit  cell  is  0.236  nm.  What  is 
the  radius  of  the  polonium  atom: 

(a)  0.144  nm  (b)  0.156' nm 


(c)  0.118  nm 


(d)  0.102  nm 


29.  Lithium  crystallizes  as  body  centered  cubic  crystals.  If  the  length  of  the  side  of  unit  cell  is  350 
pm,  the  atomic  radius  of  lithium  is: 

(a)  303.1  pm  (b)  606.2  pm  (c)  151.5  pm  (d)  123.7  pm 

30.  Gold  has  a  face  centered  cubic  lattice  with  an  edge  length  of  the  unit  cube  of  407  pm.  The 
diameter  of  the  gold  atom  is: 

(a)  576.6  pm  (b)  287.8  pm  (c)  352.5  pm  (d)  704.9  pm 

31.  The  neon  atoms  has  a  radius  of  160  pm.  What  is  the  edge  of  the  unit  cell  of  a  face  centered 
structure  of  neon? 

(a)  490  pm  (b)  320  pm  (c)  453  pm  (d)  481  pm 

32.  What  are  the  number  of  atoms  per  unit  cell  and  the  number  of  nearest  neighbours  in  a  simple 
cubic  structure? 

(a)  1,  6  (b)  4,  12  (c)  2,  8  (d)  2,  6 

33.  What  are  the  number  of  atoms  per  unit  cell  and  the  number  of  nearest  neighbours  in  a  face 
centered  cubic  structure? 

(a)  4,  8  (b)  2,  8  (c)  2,  6  '  (d)  4,  12 

34.  What  are  the  number  of  atoms  per  unit  cell  and  the  number  of  nearest  neighbours  in  a  body 
centered  cubic  structure? 

(a)  4,  12  (b)  1,  6  (c)  2,  8  (d)  2,  5 

35.  Each  edge  of  a  cubic  unit  cell  is  400  pm  long.  If  atomic  weight  of  the  element  is  120  and  it’s 
density  is  6.25  g/cm3.  The  crystal  lattice  is  :  (use  NA  =  6  x  1023) 

(a)  primitive  (b)  body  centered  (c)  face  centered  (d)  end  centered 

36.  Tungsten  has  an  atomic  radius  of  0.136  nm.  The  density  of  tungsten  is  19.4  g/cm3.  What  is  the 
crystal  structure  of  tungsten?  (Atomic  weight:  W  - 184) 

(a)  Simple  cubic  (b)  Body  centered  cubic 

(c)  Face  centered  cubic  (d)  None  of  these 

37.  The  density  of  argon  (face  centered  cubic  cell)  is  1.83  g/cm3  at  20°C.  What  is  the  length  of  an 
edge  a  unit  cell?  (Atomic  weight :  Ar  =  40) 

(a)  0.599  nm  (b)  0.569  nm  (c)  0.525  nm  (d)  0.551  nm 

38.  The  density  of  nickel  (face  centered  cubic  cell)  is  8.94  g/cm3  at  20°C.  What  is  the  diameter  of 

the  atom?  (Atomic  weight:  Ni  =  59) 

(a)  0.124  nm  (b)  0.136  nm  (c)  0.149  nm  (d)  0.110  pm 

39.  The  density  of  krypton  (face  centered  cubic  cell)  is  3.19  g/cm3.  What  is  the  radius  of  the 
atom?  (Atomic  weight:  Kr  =  84) 

(a)  0.198  nm  (b)  0.221  nm  (c)  0.206  nm  (d)  0.225  nm 

40.  The  face  centered  cubic  cell  of  platinum  has  a  length'  of  0.392  nm.  Calculate  the  density  of 
platinum  (g/cm3) :  (Atomic  weight  :  Pt  =  195) 

(a)  20.9  (b)  20.4  (c)  19.6  (d)  21.5 

41.  The  body  centered  cubic  cell  of  chromium  has  a  length  of  0.288  nm.  Calculate  the  density  of 
chromium  (g/cm3)  :  (Atomic  weight :  Cr  =  52.0) 

(a)  6.80  (b)  7.60  (c)  6.60  (d)  7.23 

42.  An  element  crystallizes  in  a  face  centered  cubic  lattice  and  the  edge  of  the  unit  cell  is  0.559 
nm.  The  density  is  3.19 g/cm3.  What  is  the  atomic  weight? 

(a)  87.6  (b)  79.9  (c)  85.5 


(d)  83.9 


43.  The  element  crystallizes  in  a  body  centered  cubic  lattice  and  the  edge  of  the  unit  cell  is  0.351 
nm.  The  density  is  0.533  g/cm3.  What  is  the  atomic  weight? 

(a)  12.0  (b)  6.94  (c)  9.01  (d)  10.8 

44.  An  element  X  (At.  wt.  =  80  g/mol)  having  fee  structure,  calculate  no.  of  unit  ceils  in  8  gm  of  X: 

(a)  0.4  x  Na  (b)  0.1  x  Na  (c)  4*Na  (d)  none  of  these 

45.  Molybdenum  (At.  wt.  ~96gmor1)  crystallizes  as  bcc  crystal.  If  density  of  crystal  is 
10.3  g/cm3,  then  radius  of  Mo  atom  is  (use  NA  =  6  x  1023): 

(a)  111pm  (b)  314  pm  (c)  135.96  pm  (d)  none  of  these 

46.  What  is  the  coordination  number  of  an  atom  for  an  element  crystallizing  with  a  cubic  lattice? 
Calculate  the  corresponding  coordination  number  for  the  simple,  fee  and  bcc  lattices: 

(a)  12  sc;  12  fee;  8  bcc  (b)  6  sc;  14  fee;  8  bcc 

(c)  8  sc;  12  fee;  6  bcc  (d)  6  sc;  12  fee;  8  bcc 

47.  Which  of  the  following  layering  pattern  will  have  a  void  fraction  of  0.260? 

(a)  ABCCBAABC  (b)  ABBAABBA  (c)  ABCABCABC  (d)  ABCAABCA 

48.  The  most  malleable  metals  (Cu,  Ag,  Au)  have  close-packing  of  the  type  : 

(a)  Hexagonal  close-packing 

(b)  Cubic  close-packing 

(c)  Body-centred  cubic  packing 

(d)  Malleability  is  not  related  to  type  of  packing 

49.  The  co-ordination  number  of  a  metal  crystallising  in  a  hexagonal  close-packed  structure  is: 

(a)  12  (b)  4  (c)  8  (d)  6 

50.  If  the  ratio  of  coordination  no.  of  A  to  that  of  B  is  x  :  y,  then  the  ratio  of  no.  of  atoms  of  A  to 

that  no.  of  atoms  of  B  in  unit  cell  is: 

(a)  x  :  y  (b)  y  :  x  (c)  x2  :  y  (d)  y  :  x2 

i  ' 

*  Si.  The  atomic  radius  of  strontium  (Sr)  is  215  pm  and  it  crystallizes  with  a  cubic  closest  packing. 
Edge  length  of  the  cube  is: 

(a)  430  pm  (b)  608.2  pm  (c)  496.53  pm  (d)  none  of  these 

52.  By  X-ray  diffraction  it  is  found  that  nickel  (at  mass  -  59  g  mol-1),  crystallizes  with  ccp.  The 
edge  length  of  the  unit  cell  is  3.5  A,  If  density  of  Ni  crystal  is  9.0 g/cm3.  Then  value  of 
Avogadro’s  number  from  the  data  is  : 

(a)  6.05  x  1023  (b)  6.11  x  1023  -  (c)  6.02  x  1023  (d)  6.023  x  1023 

53.  Stacking  of  square  close  packed  layers  give  rise  to: 

(a)  bcc  structure  (b)  fee  structure 

(c)  Simple  cubic  structure  (d)  hep  structure 

54.  In  a  hexagonal  dose  packed  (hep)  structure  of  spheres,  the  fraction  of  the  volume  occupied  by 
the  sphere  is  A.  In  a  cubic  dose  packed  structure  the  fraction  is  B.  The  relation  for  A  and  B  is  : 

(a)  A  =  B 

(b)  A  <  B 

(c)  A  >  B 

(d)  A  is  equal  to  the  fraction  in  a  simple  cubic  lattice. 
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55.  The  unit  cell  present  in  ABCABC,  closest  packing  of  atoms  is: 

(a)  hexagonal  (b)  tetragonal 

(c)  face  centered  cube  (d)  primitive  cube 

56.  The  number  of  atoms  present  in  a  hexagonal  close-packed  unit  cell  is  : 

(a)  4  (b)  6  (c)  8  (d)  12 

57.  The  unit  cell  present  in  ABAB,  closest  packing  of  atoms  is: 

(a)  hexagonal  (b)  tetragonal 

(c)  face  centered  cube  (d)  primitive  cube 

58.  The  numbers  of  tetrahedral  and  octahedral  holes  in  a  hexagonal  primitive  unit  cell  are  i 

(a)  8,  4  (b)  6,  12  (c)  2,  1  (d)  12,  6 

59.  Which  one  of  the  following  schemes  of  ordering  closed  packed  sheets  of  equal  sized  spheres  do 
not  generate  closest  packed  lattice? 

(a)  ABCABC  (b)  ABACABAC  (c)  ABBAABBA  (d)  ABCBCABCBC 

60.  In  the  closest  packing  of  atoms,  there  are: 

(a)  one  tetrahedral  void  and  two  octahedral  voids  per  atom 

(b)  two  tetrahedral  voids  and  one  octahedral  void  per  atom 

(c)  two  of  each  tetrahedral  and  octahedral  voids  per  atom 

(d)  one  of  each  tetrahedral  and  octahedral  void  per  atom 

61.  Which  of  the  following  figures  represents  the  cross-section  of  an  octahedral  site? 


62.  In  which  of  the  following  pairs  of  structures,  tetrahedral  as  well  as  octahedral  holes  are  found? 

(a)  bcc  and  fee  (b)  hep  and  simple  cubic 

(c)  hep  and  ccp  (d)  bcc  and  hep 

63.  The  number  of  octahedral  void  in  bcc  structure  is  : 

(a)  0  (b)  1  (c)  2  (d)  4 

64.  An  ionic  compound  is  expected  to  have  octahedral  structure  if  rc/ra  (rc  <  ra)  lies  in  the  range 
of: 

(a)  0.414  to  0.732  (b )  0.732  to  0.82 

(c)  0.225  to  0.414  (d)  0.155  to  0.225 

65.  An  ionic  compound  is  expected  to  have  tetrahedral  structure  if  rc  /ra: 

(a)  lies  in  the  range  of  0.414  to  0.732  (b)  lies  in  the  range  of  0.225  to  0.414 

(c)  lies  in  the  range  of  0.155  to  0.225  (d)  is  more  than  0.732 

66.  An  ionic  compound  fs  expected  to  have  body  centered  type  cubic  unit  cell  if  rc/ra- 


(a)  is  greater  than  0.732 

(c)  lies  in  the  range  of  0.255  to  0.414 


(b)  lies  in  the  range  of  0.414  to  0.732 
(d)  lies  in  the  range  of  0.155  to  0.225 


67.  In  the  closest  packing  of  atoms  A  (radius  :  ra),  the  radius  of  atom  B  that  can  be  fitted  into 
tetrahedral  void  is:  . 


(a)  0.155  ra 


(b)  0.225  ra 


(c)  0.414  ra 


(d)  0.732  ra 


68.  In  the  closest  packing  of  atoms  A  (radius  :  ra ),  the  radius  of  atom  B  that  can  be  fitted 
octahedral  void  is: 

(a)  1.155  ra  (b)  0.225  ra  (c)  0.414  ra  (d)  0.732  ra 

69.  How  many  nearest  neighbours  are  there  in  an  atom  or  ion  for  an  octahedral  hole  of  a  closed 

packed  structure? 

(a)  4  (b)  6  (c)  8  (d)  12 

'70."  How  many  “nearest”  and  “next  nearest”  neighbours,  respectively,  does  potassium  have  in  bcc 
lattice  ? 

(a)  8,  8  (b)  8,  6  (c)  6,  8  (d)  6,  6 

71.  In  the  closest  packing  of  atoms: 

(a)  the  size  of  tetrahedral  void  is  greater  than  that  of  octahedral  void 

(b)  the  size  of  tetrahedral  void  is  smaller  than  that  of  octahedral  void 

(c)  the  size  of  tetrahedral  void  is  equal  to  that  of  octahedral  void 

(d)  the  size  of  tetrahedral  void  may  be  greater  or  smaller  or  equal  to  that  of  octahedral  void 
depending  upon  the  size  of  atoms 

72.  In  the  ionic  compound  AB  the  ratio  r  .  :  r  is  0.414.  Indicate  the  correct  statement  of  the 

A  B 

following: 

(a)  Cations  form  close  packing  and  anions  exactly  fit  into  the  octahedral  voids 

(b)  Anions  form  close  packing  and  cations  occupy  precisely  half  of  the  tetrahedral  voids 

(c)  Anions  form  close  packing  and  cations  occupy  precisely  all  the  octahedral  voids 

(d)  Anions  form  close  packing  and  cations  fit  into  the  octahedral  voids  loosely 

73.  In  the  unit  cell  of  KC1  (NaCl  type),  Cl"  ions  constitute  ccp  and  K+  ions  fall  into  the  octahedral 
holes.  These  holes  are: 

(a)  one  at  the  centre  and  6  at  the  centres  of  the  faces 

(b)  one  at  the  centre  and  12  at  the  centres  of  the  edges 

;  -  (c)  8  at  the  centres  of  8  small  cubes  forming  the  unit  cell 

(d)  none  of  these 

74.  Which  is  incorrect  statement  ? 

(a)  In  NaCl  structure,  tetrahedral  voids  are  unoccupied 

(b)  In  ZnS  structure,  octahedral  voids  are  unoccupied 

(c)  In  CaF2  structure,  all  tetrahedral  voids  are  occupied 

(d)  In  Na20  structure,  all  tetrahedral  voids  are  unoccupied 

75.  If  the  radius  of  the  anion  in  an  ionic  solid  is  200  pm,  what  would  be  the  radius  of  the  cation 
that  fits  exactly  into  a  cubic  hole? 

(a)  146.4  pm  (b)  82.8  pm  (c)  45  pm  (d)  None  of  these 

76.  The  CsCl  type  structure  is  exhibited  by  alkali  halides  only  when  the  radius  of  the  cation  is  large 

enough  to  keep  touching  its  eight  nearest  neighbour  anions.  Below  what  minimum  ratio  of 
cation  to  anion  radii  (r+/r“)  this  contact  is  prevented? 

(a)  0.225  (b)  0.414 

(c)  0.632  (d)  0.732 

77.  MgO  crystallizes  in  a  cubic  type  crystal  system.  The  ionic  radii  for  Mg  2+  and  O2"  are  0.066  and 
0.140  nm  respectively.  One  can  conclude  that  the  Mg2+  ions  occupy: 

■■  (a)  a  cubic  hdle  in  a  simple  cubic  structure 

(b)  every  tetrahedral  hole  in  a  close  packed  structure 
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(c)  an  octahedral  hole  in  a  cubic  close  packed  structure 

(d)  every  other  tetrahedral  hole  in  a  close  packed  structure  \ 

78.  The  unit  cell  of  diamond  is  made  up  of:  ;* 

(a)  6  carbon  atoms,  4  atoms  constitute  ccp  and  two  atoms  occupy  half  of  octahedral  voids 

(b)  8  carbon  atom,  4  atoms  constitute  ccp  and  4  atoms  occupy  all  the  octahedral  voids  .  I 

(c)  8  carbon  atoms,  4  atoms  form  fee  lattice  and  4  atoms  occupy  half  of  the  tetrahedral  voids 
alternately 

(d)  12  carbon  atoms,  4  atoms  form  fee  lattice  and  8  atoms  occupy  all  the  tetrahedral  holes 

79.  In  diamond,  the  coordination  number  of  carbon  is:  * 

(a)  four  and  its  unit  cell  has  eight  carbon  atoms 

(b)  four  and  its  unit  cell  has  six  carbon  atoms 

(c)  six  and  its  unit  cell  has  four  carbon  atoms 

(d)  four  and  its  unit  cell  has  four  carbon  atoms 

80.  Predict  coordination  number  of  the  cation  in  crystals  of  the  following  compounds: 

1.  MgO  :  rc  -0.65  A;  ra  =1.40  A,  2.  MgS  :  rc  =0.65  A;  ra  =1.84  A 

(a)  6,  4  (b)  4,  6  (c)  3,  4  (d)  6,  8 

81.  In  a  cubic  unit  cell,  seven  of  the  eight  comers  are  occupied  by  atoms  A  and  centres  of  faces  are 
occupied  by  atoms  B.  The  general  formula  of  the  compound  is  : 

(a)  A7B6  (b)  A7Bn  (c)  A7B24  (d)  A24B7 

82.  CaS  exists  in  a  cubic  close  packed  arrangement  of  S2-  ions  in  which  Ca2+  ions  occupy  1/2  of 
the  available  tetrahedral  holes.  How  many  Ca2+  and  S  2~  ions  are  contained  in  the  unit  cell? 

(a)  1,  1  (b)  2,  4  (c)  4,  4  .(d)  4,  2 

83.  In  the  spinel  structure,  oxides  ions  are  cubical-closest  packed  whereas  l/8th  of  tetrahedral 
voids  are  occupied  by  A  2+  cation  and  1/2  of  octahedral  voids  are  occupied  by  fl3+  cations.  The 
general  formula  of  the  compound  having  spinel  structure  is: 

(a)  A2B2 04  (b)  AB204  (c)  A2B402  (d)  A4B202 

84.  If  the  anions  (A)  from  hexagonal  closest  packing  and  cations  (C)  occupy  only  2/3  octahedral 
voids  in  it,  then  the  general  formula  of  the  compound  is: 

(a)  CA  (b)  CA2  (c)  C2A3  (d)  C3A2  - ;  , 

85.  In  a  solid,  oxide  ions  are  arranged  in  ccp,  cations  A  occupy  (1/8) th  of  the  tetrahedral  voids  and 
cations  B  occupy  (1/4)*  of  the  octahedral  voids.  The  formula  of  the  compound  is: 

(a)  AB04  (b)  AB203  (c)  A2B04  (d)  AB404 

86.  In  a  face  centered  cubic  arrangement  of  A  and  B  atoms  whose  A  atoms  are  at  the  comer  of  the 
unit  cell  and  B  atoms  at  the  face  centers.  One  of  the  B  atoms  missing  from  one  of  the  face  in 
unit  cell.  The  simplest  formula  of  compound  is: 

(a)  AB3  (b)  A8B5  (c)  A2Bs  (d)  AB^j 

87.  An  alloy  of  copper,  silver  and  gold  is  found  to  have  copper  constituting  the  ccp  lattice.  If  silver 
atoms  occupy  the  edge  centres  and  gold  is  present  at  body  centre,  the  alloy  will  have  the 
formula: 

(a)  Cu4Ag2Au  (b)  Cu4Ag4Au  (c)  Cu4Ag3Au  (d)  CuAgAu 


88.  Which  of  the  following  statements  is  correct  in  the  rock-salt  structure  of  an  ionic  compound? 

(a)  Co-ordination  number  of  cation  is  four  and  anion  is  six 

(b)  Co-ordination  number  of  cation  is  six  and  anion  is  four 

(c)  Co-ordination  number  of  each  cation  and  anion  is  four 

(d)  Co-ordination  number  of  each  cation  and  anion  is  six 

89.  Which  of  the  following  statements  is  correct  in  the  body  centered  type  cubic  structure  of  an 
ionic  compound? 

(a)  Co-ordination  number  of  each  cation  and  anion  is  two 

(b)  Co-ordination  number  of  each  cation  and  anion  is  four 

(c)  Co-ordination  number  of  each  cation  and  anion  is  six 

(d)  Co-ordination  number  of  each  cation  and  anion  is  eight 

90.  Which  of  the  following  statements  is  correct  in  the  zinc  blende  type  structure  of  an  ionic 
compound? 

(a)  Co-ordination  number  of  each  cation  and  anion  is  two 

(b)  Co-ordination  number  of  each  cation  and  anion  is  four 

(c)  Co-ordination  number  of  each  cation  and  anion  is  six 

(d)  Co-ordination  number  of  each  cation  and  anion  is  eight 

91.  Which  of  the  following  expression  is  correct  in  case  of  a  sodium  chloride  unit  cell  (edge  length 

a)?  . 

(a)  rc  +  ra  =  a  (b)rc+ra=a/2 

(c)  rc  +  ra  =  2a  (d)  rc  +  ra  =  V2a 

92.  In  an  ideal  closest  rock  salt  structure  (edge  length,  a),  which  of  the  following  expressions  is 

correct?  ' 

(a)  ra  =  42 a  (b )  ra  =  a/ 42 

(c)  ra  =  a/2  42  (d)  ra  =  a/4 

93.  Which  of  the  following  expressions  is  correct  in  case  of  a  CsCl  unit  cell  (edge  length,  a)? 

(a)  rc  +ra=  a  (b)  rc  +  ra  =  a/ 42 

(c)  rc  +  ra  =  42a/ 2  (d)  rc  +  ra  -  a/  2 

94.  In  NaCI  the  centres  of  two  nearest  like-charged  ions  are  present  at  a  distance  of: 

(a).  —  a-v/2  -  (b)  -i  a 

2  -2 

Xc)  ~  a  (d)  2a 

2  42  ■ 

95.  In  sodium  chloride  crystal,  the  number  of  next  nearest  neighbours  of  each  Na+  ions  is: 

(a)  8  Cl’  ions  (b)  12  Na+  ions 

(c)  12  CP  ions  (d)  24  Cl”  ions 

96.  In  an  ionic  compound  A 1 X  ,  the  radii  of  A 1  and  X~  ions  are  1.0  pm  and  2.0  pm,  respectively. 
The  volume  of  the  unit  cell  of  the  crystal  AX  will  be  : 

(a)  27pm3  (b)  64pm3 

(c)  125pm3  (d)  216pm3 


97.  The  coordination  number  of  cation  and  anion  in  fluorite  CaF2  and. anti-fluorite  Na20  are' 
respectively: 

(a)  8  :  4  and  6  :  3  (b)  6  :  3  and  4  :  4 

(c)  8  :  4  and  4  :  8  (d)  4  :  8  .and  8  :  4 

98.  Select  the  incorrect  statement  in  a  CsCl  crystal: 

(a)  Cs+  forms  a  simple  cubic  lattice.  Cl”  forms  a  simple  cubic  lattice 

(b)  Cl"  occupies  body  centre  of  Cs+ 

(c)  Cs+  occupies  body  centre  of  Cl" 

(d)  It  is  impossible  for  Cl"  to  occupy  body  centre  of  Cs+  because  the  body  centre  void  of  Cs+  is 
smaller  than  Cl"  ion  size 

99.  The  radius  of  a  divalent  cation  A2*  is  94  pm  and  of  divalent  anion  B2"  is  146  pm.  The 
compound  AB  has  : 

(a)  Rock  salt  structure  (b)  Zinc  blende  structure 

(c)  Antifluorite  structure  (d)  Caesium  chloride  like  structure 

100.  A  binary  solid  (AB)  has  a  rock  salt  structure.  If  the  edge  length  is  400  pm,  and  radius  of  cation 
is  80  pm  the  radius  of  anion  is: 

(a)  100  pm  (b)  120  pm 

(c)  250  pm  (d)  325  pm 

101.  For  a  solid  with  the  structure  shown  in  Fig.,  the  coordination  numbers  of  the  points  A  and  B, 

respectively,  are  ; 


(a)  6,  8  (b)  8,  8  (c)  6,  6  (d)  4,  6 

102.  An  ionic  compound  AB  has  fluorite  type  structures.  If  the  radius  B“  is  200  pm,  then  the  ideal 
radius  of  A*  would  be: 

(a)  82.8  pm  (b)  146.4  pm  (c)  40  pm  (d)  45  pm 

103.  In  which  of  the  following  structures,  the  anion  has  maximum  coordination  number  ? 

(a)  NaCl  (b)  ZnS  (c)  CaF2  (d)  Na20 

104.  CsCl  has  bcc  structure  with  Cs+  at  the  centre  and  Cl"  ion  at  each  comer.  If  is  1.69  A  and  , 

rQ_  is  1.81  A,  what  is  the  edge  length  of  the  cube? 

(a)  3.50  A  (b)  3.80  A 

(c)  4.04  A  (d)  4.50  A 

105.  CsBr  has  bcc  type  structure  with  edge  length  4.3  pm.  The  shortest  inter  ionic  distance  in 
between  Cs+  and  Br“  is: 

(a)  3.72  pm  (b)  1.86  pm 


(c)  7.44  pm 


(d)  4.3  pm 


106.  If  the  radius  of  Cl  ion  is  181  pm,  and  the  radius  of  Na+  ion  is  101  pm  then  the  edge  length  of 
unit  cell  is: 

(a)  282  pm  (b)  285.71  pm 

(c)  512  pm  (d)  564  pm 

107.  Ammonium  chloride  crystallizes  in  a  body  centered  cubic  lattice  with  edge  length  of  unit  cell 

equal  to  387  pm.  If  the  size  of  Cl"  ion  is  181  pm,  the  size  of  NH4  ion  would  be: 

(a)  116  pm  (b)  154  pm 

(c)  174  pm  (d)  206  pm 

108.  Salt  AB  has  a  zinc  blende  structure.  The  radius  of  A2+  and  B2~  ions  are  0.7  A  and  1.8  A 
respectively.  The  edge  length  of  AB  unit  cell  is: 

(a)  2.5  A  (b)  5.09  A 

(c)  5  A  (d)  5.77  A 

109.  Transition  metals,  when  they  form  interstitial  compounds,  the  non-metals  (H,  B,  C,  N)  are 
accomodated  in  : 

(a)  Voids  or  holes  in  cubic-packed  structure  (b)  Tetrahedral  voids 
(c)  Octahedral  voids  (d)  All  of  these 

1 10.  In  diamond,  each  carbon  atom  is  bonded  to  four  other  carbon  atoms  tetrahedrally.  Alternate 

tetrahedral  void  occupied  by  carbon  atoms.  The  number  of  carbon  atoms  per  unit  cell  is  : 
(a)  4  (b)  6 

(c)  8  (d)  12 

111.  Which  of  the  following  statements  for  crystals  having  Schottky  defect  is  not  correct? 

(a)  Schottky  defect  arises  due  to  the  absence  of  a  cation  and  anion  from  the  position  which  it 
is  expected  to  occupy 

Cb)  Schottky  defect  are  more  common  in  ionic  compounds  with  high  co-ordination  numbers 

(c)  The  density  of  the  crystals  having  Schottky  defect  is  larger  than  that  of  the  perfect  crystal 

(d)  The  crystal  having  Schottky  defect  is  electrical  neutral  as  a  whole 

112.  Which  is  correct  statement  ? 

(a)  When  temperature  increases  then  number  of  defects  decreases. 

(b)  Schottky  defect  occurs  when  radius  of  cation  is  smaller 

(c)  Frenkel  defect  occurs  when  radius  of  cation  is  smaller 

(d)  None  of  these 

113.  Which  of  the  following  statements  for  crystals  having  Frenkel  defect  is  not  correct? 

(a)  Frenkel  defects  are  observed  where  the  difference  in  sizes  of  cations  and  anions  is  large 

(b)  The  density  of  crystals  having  Frenkel  defect  is  lesser  than  that  of  a  pure  perfect  crystal 

(c)  In  an  ionic  crystal  having  Frenkel  defect  may  also  contain  Schottky  defect 

(d)  Usually  alkali  halides  do  not  have  Frenkel  defect 

114.  When  anion  leaves  the  normal  lattice  site  and  electron  occupies  interstitial  sites  in  its  crystal 
lattice,  it  is  called: 

(a)  Schottky  defect  (b)  Frenkel  defect 

(c)  Metal  excess  defect  (d)  Stoichiometric  defect 

115.  Which  of  the  following  defects  does  KBr  show? 

(a)  Frenkel  -  (b)  Schottky 

(c)  Metal  excess  (d)  Metal  deficiency 


116.  Dopping  of  AgCl  crystals  with  CdCl2  results  in: 

(a)  Schottky  defect  (b)  Frenkel  defect 

(c)  Substitutional  cation  vacancy  (d)  Formation  of  F-centres 

117.  NaCl  shows  Schottky  defects  and  AgCl  Frenkel  defects.  Their  electrical  conductivity  is  due  to  the: 

(a)  motion  of  ions  and  not  the  motion  of  electrons 

(b)  motion  of  electrons  and  not  the  motion  of  ions 

(c)  lower  coordination  number  of  NaCl 

(d)  higher  coordination  number  of  AgCl 

118.  Which  one  of  the  following  crystals  does  not  exhibit  Frenkel  defect? 

(a)  AgBr  (b)  AgCl 

(c)  CsCl  (d)  ZnS 

119.  Select  the  incorrect  statement: 

(a)  Stoichiometry  of  crystal  remains  uneffected  due  to  Schottky  defect 

(b)  Frenkel  defect  is  usually  shown  by  ionic  compounds  having  low  coordination  number 

(c)  F-centres  generation  is  responsible  factor  for  imparting  the  colour  to  the  crystal 

(d)  Density  of  crystal  always  increases  due  to  substitutional  impurity  defect 

.120.  In  diamond,  carbon  atom  occupy  fee  lattice  points  as  well  as  alternate  tetrahedral  voids.  If 
edge  length  of  the  unit  cell  is  356  pm,  then  diameter  of  carbon  atom  is: 

(a)  77.07  pm  (b)  154.14  pm 

(c)  251.7  pm  (d)  89  pm 

121.  When  NaCl  is  dopped  with  10~s  mole  %  of  SrCl2,  what  is  the  no.  of  cationic  vacancies? 

(a)  10‘5  x  Na  (b)  10"7  x  Na 

(c)  2  x  10-7  N  A  (d)  None  of  these 

122.  The  composition  of  a  sample  of  Wustite  is  Fe0  93O.  What  is  the  percentage  of  iron  present  as 
Fe^  in  total  iron? 

(a)  15.05%  (b)  25% 

(c)  35%  (d)  45% 

123.  A  certain  sample  of  cuprous  sulphide  is  found  to  have  composition  Cu18S,  because  of 
incorporation  of  Cu2+  ions  in  the  lattice.  What  is  the  mole  %  ofCu2+  in  total  copper  content  in 
this  crystal? 

(a)  99.8%  (b)  11.11% 

(c)  88.88%  (d)  None  of  these 

124.  Ferrimagnetism  is, in  : 

(a)ttttt  (b)  t  >1  f  >1 

(c)  T  1 1  i  i  (d)  none  of  these 

125.  Fe304  is  ferrimagnetic  at  room  temperature  but  at  850  K  it  becomes  : 

(a)  diamagnetic  (b)  ferromagnetic 

(c)  non-magnetic  (d)  paramagnetic 


1.  When  heated  above  916°C,  iron  changes  its  bcc  crystalline  form  to  fee  without  the  change  in 

the  radius  of  atom.  The  ratio  of  density  of  the  crystal  before  heating  and  after  heating  is: 
(a)  1.069  (b)  0.918  (c)  0.725  (d)  1.231 

2.  T1A1(S04  )2  •  xH20  is  bcc  with  ‘a’  =  1.22  nm.  If  the  density  of  the  solid  is  2.32  g/cc,  then  the 
value  of  x  is  (Given  :  NA  =  6  x  1023;  at.  wt.  :  Tl  =  204,  Al  =  27,  S  =  32). 

(a)  2  (b)  4  (c)  47  (d)  70 

3.  In  an  atomic  bcc,  what  fraction  of  edge  is  not  covered  by  atoms? 

(a)  0.32  (b)  0.16  (c)  0.134  (d)  0.268 

4.  The  packing  efficiency  of  a  simple  cubic  crystal  with  an  interstitial  atom  exactly  fitting  at  the 
body  center  is: 

(a)  0.48  (b)  0.52  (c)  0.73  (d)  0.91 

5.  An  atomic  solid  crystallizes  in  a  body  centre  cubic  lattice  and  the  inner  surface  of  the  atoms  at 
the  adjacent  comer  are  separated  by  60.3  pm.  If  the  atomic  weight  of  A  is  48,  then  density  of 
the  solid,  is  nearly: 

(a)  2.7  g/cc  (b)  5.07  g/cc  (c)  3.5  g/cc  (d)  1.75  g/cc 

6.  Sodium  (Na  =  23)  crystallizes  in  bcc  arrangement  with  the  interfacial  separation  between  the 

atoms  at  the  edge  53.6  pm.  The  density  of  sodium  crystal  is: 

(a)  2.07  g/cc  (b)  2.46  g/cc  (c)  1.19  g/cc  (d)  none  of  these 

7.  The  density  of  solid  argon  (Ar  =  40  g/mol)  is  1 .68  g/mL  at  40  K.  If  the  argon  atom  is  assumed 

to  be  a  sphere  of  radius  1.50  x  10”®  cm,  what  %  of  solid  Ar  is  apparently  empty  space? 

(use  N A  =  6  x  1023) 

(a)  .35.64  (b)  64.36  (c)  74%  (d)  none  of  these 

8.  A  body  centered  cubic  lattice  is  made  up  of  hollow  spheres  of  B.  Spheres  of  solid  A  are  present 
in  hollow  spheres  of  B.  Radius  of  A  is  half  of  radius  of  B.  What  is  the  ratio  of  total  volume  of 
spheres  of  B  unoccupied  by  A  in  a  unit  cell  and  volume  of  unit  cell? 

(a)  7J^l  (b)  7^  (c)  Zlf  (d)  none  of  these 

64  128  24 

9.  First  three  nearest  neighbour  distances  for  primitive  cubic  lattice  are  respectively  (edge  length 

of  unit  cell  =  a):  _  _  _ 

(a)  a,  72 a,  a/3 a  (b)  a/3 a,  42a,  a  (c)  a,  42a,  2 a  (d)  a,  43a,  2a 

10.  First  three  nearest  neighbour  distances  for  body  centered  cubic  lattice  are  respectively: 

(a)  42a,  a,  43a  (b)  -£=,  a,  43a  (c)  a,  42a  (d)  a,  43a 

v2  2  2 

11.  Given  :  The  unit  cell  structure  of  compound  is  shown  below. 


i  SOLID  STATE  1 


The  formula  of  compound  is  : 

(a)  A8B12C5  (b)  AB2C3  (c)  A2B2Cs  (d)  ABCS 

12.  The  density  of  a  pure  substance  ‘A’  whose  atoms  are  in  cubic  close  pack  arrangement  is  1  g/cc. 
If  all  the  tetrahedral  voids  are  occupied  by  ‘B’  atom,  what  is  the  density  of  resulting  solid  in 
g/cc.  [Atomic  mass  (A)  =  30g/mol  and  atomic  mass  (B)  =  50g/mol] 

(a)  3.33  (b)  4.33  (c)  2.33  (d)  5.33 


(c)  22.3  x  1(T23  cm3 


13.  In  a  planar  tetra-atomic  molecule,  XY3)  X  is  at  the  centroid  of  the  equilateral  triangle  formed 
by  the  atoms,  Y.  If  the  X- — Y  bond  distance  is  1  A,  what  is  the  distance  between  the  centres  of 
any  two  Y  atoms? 

(a)  1/V3  A  (b)  V2  A 

(c)  V3  A  (d)  1/V2  A 

14.  How  many  unit  cells  are  present  in  5.0  gm  of  crystal  AB  (formula  mass  of  AB  =  40)  having  rock 
salt  type  structure?  ( NA  =  Avogadro’s  no.) 

(a)  Na  '.(b)  — 
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(c)  4  Na  (d)  none  of  these 

15.  The  density  ofCaF2  (fluorite  structure)  is  3.18  g/cm3.  The  length  of  the  side  of  the  unit  cell  is: 

fa)  253  pm  (b)  344  pm 

(c)  546  pm  (d)  273  pm 

16.  A  crystal  of  lead  (II)  sulphide  has  NaCl  structure.  In  this  ciystal  the  shortest  distance  between  a 
Pb2+  ion  and  S2~  ion  is  297  pm.  What  is  the  volume  of  unit  cell  in  lead  sulphide? 

(a)  209.6  x  10~24  cm3  (b)  207.8  x  10“23  cm3 

(c)  22.3  x  10-23  cm3  (d)  209.8  x  10~23  cm3 

1 7.  CdO  has  NaCl  structures  with  density  8.27  g/cc.  If  the  ionic  radius  of  O2-  is  1.24  A,  determine 
ionic  radius  of  Cd2+ : 

(a)  1.5  A  (b)  1.1  A 

(c)  1.9  A  (d)  1.5  A 

18.  KC1  crystallizes  in  the  same  type  of  lattice  as  does  NaCl.  Given  that  rNa+  /r  =  0.50  and 
rNa+  ^rK+  =  calculate  the  ratio  of  the  side  of  the  unit  cell  for  KCl  to  that  for  NaCl: 

(a)  1.143  (b)  1.224 

(c)  1.414  (d)  0.875 

19.  Ferrous  oxide  has  a  cubic  structure  and  edge  length  of  the  unit  cell  is  5.0  A.  Assuming  the 
density  of  ferrous  oxide  to  be  3.84  g/cm3,  the  no.  of  Fe2+  andO2  ions  present  in  each  unit  cell 
be  :  (use  N A  =  6  x  1023) : 

(a)  4Fe2+  and402-  (b)  2Fe2+  and  2  O2- 

(c)  1  Fe2+  and  1  02“  (d)  3  Fe2+  and  402“ 

20.  If  an  element  (at.  wt.  =  50)  crystallises  in  fee  lattice,  with  a  =  0.50  nm.  What  is  the  density  of 
unit  cell  if  it  contains  0.25%  Schottky  defects  (use  N A  =  6  x  1023)? 

(a)  2.0  g/cc  (b)  2.66  g/cc 

(c)  3.06  g/cc  (d)  none  of  these 


21.  An  element  X  (atomic  weight  =  24  gm/mol)  forms  a  face  centered  cubic  lattice.  If  the  edge 
length  of  the  lattice  is  4x  10-8  cm  and  the  observed  density  is  2.40  x  103  kg/m3,  then  the 
percentage  occupancy  of  lattice  points  by  element  X  is  :  (Use  N  A  =  6  x  1023) : 

(a)  96  (b)  98 

(c)  99.9  (d)  none  of  these 

22.  In  fee  lattice,  A,  B,  C,  D  atoms  are  arranged  at  comer,  face  center,  octahedral  void  and 
tetrahedral  void  respectively,  then  the  body  diagonal  contains; 

(a)  2A,  C,  2D  (b)  2A,  2B,  2C 

(c)  -2A,  26,  D  (d)  2A,  2D 


24.  A2B  molecules  (molar  mass  =  259.8  g/mol)  crystallises  in  a  hexagonal  lattice  as  shown  in 
figure.  The  lattice  constants  were  a  =  5  A  and  b  -  8  A.  If  density  of  crystal  is  5  g/cm  3  then  how 
many  molecules  are  contained  in  given  unit  cell?  (use  NA=  6  x  1023) 


(a)  6  (b)  4  (c)  3  (d)  2 

25.  Graphite  has  h.c.p.  arrangements  of  carbon  atoms  and  the  parallel  planes  are  3.35  A  apart. 
Determine  density  of  graphite: 

(a)  2.46  g/cc  (b)  0.41  g/cc  (c)  1  g/cc  (d)  1.41  g/cc 

26.  How  many  effective  Na+  and  Cl"  ions  are  present  respectively  in  a  unit  cell  of  NaCl  solid  (Rock 
salt  structure)  if  all  ions  along  line  connecting  opposite  face  centres  are  absent? 

(a)  3, 3  (b)|,4  (C)!’J  (d)4,| 

27.  A  crystal  is  made  of  particles  X  and  Y1  X  forms  fee  packing  and  Y  occupies  all  the  octahedral 
voids.  If  all  the  particles  along  one  body  diagonal  are  removed  then  the  formula  of  the  crystal 
would  be: 

(a)  X4Y3  (b)  XSY4  (c)  X4Y5  (d)  none  of  these 


SOLID  STATEl 


28.  Select  right  expression\for  determining  Packing  fraction  (E  F.)  of  NaCl  unit  cell  (assume  ideal), 
if  ions  along  an  edge  diagonal  are  absent: 


~  71  (r+  +  r-  ) 
(a)  P.  F.  =  — - - 


(c)  P.  F.  = 


±r3+r_3 
3  U  + 

16V2  r.3 


(b)  P.F.= 


(d)  P.F.= 


3 +4  3 

3  12 


29.  A  crystal  is  made  of  particles  X,  Y  and  Z.  X  forms  fee  packing,  /  occupies  all  the  octahedral 
voids  of  X  and  Z  occupies  all  the  tetrahedral  voids  of  X.  If  all  the  particles  along  one  body 
diagonal  are  removed  then  the  formula  of  the  crystal  would  be: 

(a)  XYZ2  (b)  X2YZ2  (c)  X6Y4Zs  (d)  XsY4Ze 

30.  A  crystal  is  made  of  particles  A  and  B.  A  forms  fee  packing  and  B  occupies  all  the  octahedral 
voids.  If  all  the  particles  along  the  plane  as  shown  in  figure  are  removed,  then,  the  formula  of 
the  crystal  would  be: 


WHrlk 


B-— I - 


B>/_ _ i 


(a)  AB  (b)  ASB?  (c)  A7B5  (d)  none  of  these 

31.  In  the  rock  salt  AB,  if  C  introduced  in  tetrahedral  voids  such  that  no  distortion  occurs.  Then 
formula  of  resultant  compound  is  : 

(a)  ABC  (b)  ABC 2  (c)  A4B4C  (d)  ABCS 

32.  Given-  length  of  side  of  hexagonal  unit  cell  is  pm.  The  volume  of  hexagonal  unit  cell  is 

V2 

(in  pm3) : 


(a)  8x  iCr 


(b)  1.5  x  10e 


(c)  64  x  106 


(d)  36  x  10e 


Packing  fraction  of  a  unit  cell  is  defined  as  the  fraction  of  the  total  volume  of  the  unit  cell 
occupied  by  the  atom(s).  j 

7  x  4  3 

p  p  Volume  of  the  atom(s)  present  in  a  unit  cell  _  3 

Volume  of  unit  cell  a1 2 3 

and  %  of  empty  space  =  100  -  P.  F.  x  100  /  ' 

where  Z  =  effective  number  of  atoms  in  a  cube 

r  =  radius  of  an  atom  ; 

a  =  edge  length  of  the  cube 


1.  %  of  empty  space  in  body  centered  cubic  unit  cell  is  nearly: 

(a)  52.36  (b)  68  (c)  32  (d)  26 

2.  Packing  fraction  in  face  centered  cubic  unit  cell  is: 

(a)  0.7406  (b)  0.6802  (c)  0.5236  (d)  None  of  these 

PASSAGE  2 

y  J 

Density  of  a  unit  cell  is  represented  as 

_  Effective  no.  of  atom(s)  x  Mass  of  a  unit  cell  _  Z.M. 

Volume  of  a  unit  cell  N^.a3 

where,  mass  of  unit  cell  =  mass  of  effective  no.  of  atom(s)  or  ion(s). 

M  =  At.  wt./formula  wt. 

Na  =  Avogadro’s  no.  =>  6.023  x  1023 

a  =  edge  length  of  unit  cell 

1.  Silver  crystallizes  in  a  fee  lattice  and  has  a  density  of  10.6  g/cm3.  What  is  the  length  of  an  edge 
of  the  unit  cell? 

(a)  0.407  nm  (b)  0.2035  nm  (c)  0.101  nm  (d)  4.07  nm 

2.  An  element  crystallizes  in  a  structure  having  fee  unit  cell  of  an  edge  200  pm.  Calculate  the 
density,  if  100  g  of  this  element  contains  12  x  1023  atoms: 

(a)  41.66  g/cm3  (b)  4.166  g/cm3  (c)  10.25  g/cm3  (d)  1.025  g/cm3 

3.  The  density  of  KBr  is  2.75  g/ cm  ”3.  The  length  of  the  edge  of  the  unit  cell  is  654  pm.  To  which 
type  of  cubic  crystal,  KBr  belongs? 

(a)  simple  cubic  (b)  bcc 


(cl  fee 


(d)  none  of  these 


A  spinel  is  an  important  class  of  oxides  consisting  of  two  types  of  metal  ions  with  the  oxide 
ions  arranged  in  ccp  layers.  The  normal  spinel  has  one-eighth  of  the  tetrahedral  holes 
occupied  by  one  type  of  metal  ion  and  one-half  of  the  octahedral  holes  occupied  by  another 
type  of  metal  ion.  Such  a  spinel  is  formed  by  Mg2*,  Al3*  and  02“.  The  neutrality  of  the 
crystal  is  being  maintained. 

1.  The  formula  of  the  spinel  is: 

(a)  Mg2A104  (b)  MgAl204  (c)  Mg3Al206  (d)  none  of  these 

2.  Type  of  hole  occupied  by  Al3*  ions  is: 

(a)  tetrahedral  (b)  octahedral  (c)  both  (a)  and  (b)  (d)  none  of  these 

3.  Type  of  hole  occupied  by  Mg2+  ions  is: 

(a)  tetrahedral  (b)  octahedral  (c)  both  (a)  and  (b)  (d)  none  of  these 

4.  If  oxide  ion  is  replaced  by  X~8/3,  the  number  of  anionic  vacancy  per  unit  cell  is: 

(a)  1  (b)  2  (c)  3  (d)  3/4 
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Ionic  lattice  has  two  major  points  defects,  (1)  Schottky  (2)  Frenkel  defects.  Schottky  defects 
occurs  due  to  the  cation-anion  pair’s  missing  from  the  lattice  sites.  Frenkel  defects  occurs  when 
an  ion  leaves  its  lattice  site  and  fits  into  an  interstitial  space.  The  neutrality  of  the  crystal  is 
being  maintained  and  we  considered  all  losses  from  interstitial  positions. 


1.  Which  defect  decreases  density  of  the  crystal? 

(a)  Frenkel  defect  (b)  Schottky  defect  (c)  Both  (a)  and  (b) 

2.  Structure  shown  here  represents: 

(aV- (et)— (aV- (P) 


(b“) — (a*) 


(a*)— <Bi — (A*) — (B“ 


Cation  :  A* 
Anion  :  8" 


(B") — (A+) — (B) — (A+ 


(a)  Schottky  defect 
(c)  Metal  excess  defect 
3,  Structure  shown  here  represents: 


(b)  Frenkel  defect 
(d)  None  of  these 


(/p — (jp— — (et) 
(et) — (£) — (in — (?) 


(a+) — ( B~) — (  a+) — ( B~ 


Cation  :  A+ 
Anion :  ET 


(a)  Schottky  defect  (t>)  Frenkel  defect  (c)  Both  defects 


(d)  None  of  these 


(d)  None  of  these 


Doping  means  introduction  of  small  amount  of  impurities  like  phosphorus,  arsenic  or  boron 
into  the  pure  crystal.  In  pure  silicon,  there  are  four  valencies  used  in  bonding  with  other  four 
adjacent  silicon  atoms.  When  a  silicon  crystal  is  doped  with  a  group-15  element  (with  five 
valence  electrons)  such  as  R  As,  or  Bi,  the  structure  of  the  crystal  lattice  remains  unchanged. 
Out  of  the  five  valence  electrons  of  group-15  doped  element,  four  electrons  are  used  in  normal 
covalent  bonding  with  silicon  while  fifth  electron  is  delocalised  and  thus  conducts  electricity. 
Doping  a  silicon  crystal  with  a  group-13  element  (with  three  valence  electrons)  such  as  B,  Al, 
Ga  or  In  products  a  semiconductor  with  three  electrons  in  dopant.  The  place  where  fourth 
electron  is  missing  is  called  an  electron  vacancy  or  hole.  Such  hole  can  move  through  the 
crystal  like  a  positive  charge  giving  rise  of  electricity.  / 

1.  No.  of  valence  electrons  in  silicon  are:  V 

(a)  3  (b)  4  (c)  5  /  (d)  6 

2.  Silicon  that  has  been  doped  with  group-15  elements  is  called:  ' 

(a)  p-type  semiconductor  (b)  n-type  semiconductor 

(c)  electron  vacancy  or  hole  (d)  none  of  these 

3.  Silicon  that  has  been  doped  with  group-13  elements  is  called: 

(a)  p-type  semiconductor  (b)  n-type  semiconductor 

(c)  electron  vacancy  or  hole  (d)  none  of  these 


PASSAGE 

|  Metallic  Gold  crystallise  in  fee  lattice  and  the  length  of  cubic  unit  cell  is  407  pm. 

j  (Given  :  Atomic  mass  of  Gold  =  197, =  6x  1023) 

1.  The  density  if  it  have  0.2%  schottky  defect  is  (in  gm/cm3) : 

(a)  4.86  (b)  9.72  (c)  19.48  (d)  19.44 

2.  The  distance  between  next  neighbours  is  : 

(a)  407  pm  (b)  407^2  (c)  ~  (d)  407  — 

42  2 

PASSAGE  7jH| 

In  diamond  structure,  carbon  atoms  form  FCC  lattice  and  50%  tetrahedral  voids  occupied  by 
carbon  atoms.  Every  carbon  atoms  is  surrounded  tetrahedrally  by  four  carbon  atoms  with 
1  bond  length  154  pm.  Germanium,  silicon  and  grey  tin  also  crystallise  in  same  way  as  diamond. 
|  (N  A  =  6_x  1023) 

1.  The  mass  of  diamond  unit  cell  is  : 

(a)  96  amu  (b)  96  gm  (c)  144  amu  (d)  144  gm 

2.  The  side  length  of  diamond  unit  cell  is  (in  pm)  : 

(a)  154  (b)  1422.63  (c)  711.32  .  (d)  355.66 
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3.  The  density  of  diamond  unit  cell  is  (in  gm/cm3)  : 

(a)  28.48  (b)  0.0556  (c)  0.445  (d)  3.56 


v  ONE  OR  MORE  ANSWERS  IS/ARE  CORRECT 

1.  Select  the  correct  statement(s): 

(a)  Co-ordination  no.  of  an  atom  at  a  lattice  point  in  simple  cubic  arrangement  is  6 

(b)  Co-ordination  no.  of  an  atom  at  octahedral  site  is  8 

(c)  Co-ordination  no.  of  an  atom  at  a  lattice  point  in  hep  arrangement  is  6 

(d)  Co-ordination  no,  of  an  atom  at  octahedral  site  is  6 

2.  Packing  fraction  of  an  identical  solid  sphere  is  74%  in: 

(a)  simple  cubic  structure  (b)  fee  structure 

(c)  hep  structure  (d)  bcc  structure 

3.  In  fee  structure  octahedral  sites  are  present  at: 

(a)  edge  centers  (b)  face  centers  (c)  body  centers  (d)  comers 

4.  If  the  radius  of  Na+  is  95  pm  and  that  of  Cl-  ions  is  181  pm  then: 

(a)  Co-ordination  no.  of  Na+  is  6  (b)  Co-ordination  no.  ofCl“  is  8  J 

(c)  Length  of  the  unit  cell  is  552  pm  (d)  Length  of  the  unit  cell  is  380  pm 

5.  Select  the  correct  statement(s): 

(a)  The  co-ordination  number  of  each  type  of  ion  in  a  CsCl  crystal  is  twelve 

(b)  A  metal  that  crystallizes  in  a  bcc  structure  has  a  co-ordination  number  of  twelve  . '' 

(c)  A  unit  cell  of  an  ionic  crystal  shares  some  of  its  ions  with  other  unit  cells  : 

(d)  The  length  of  the  unit  ceil  in  NaCl  in  552  pm  (given  that  rNa+  =85pmandra_  =181pm) 

6.  The  hep  and  ccp  structure  for  a  given  element  would  be  expected  to  have: 

(a)  the  same  co-ordination  number  (b)  the  same  density 

(c)  the  same  packing  fraction  (d)  all  of  the  above 

7.  Select  the  correct  statement(s)  for  the  rock-salt  structure  (NaCl)  : 

(a)  The  tetrahedral  sites  are  smaller  than  the  octahedral  sites 

(b)  The  octahedral  sites  are  occupied  by  cations  and  the  tetrahedral  sites  are  empty 

(c)  The  radius  ratio  (rc/ra)  is  0.225 

(d)  The  radius  ratio  (rc/ra)  is  0.732 

8.  Select  the  correct  statement(s): 

(a)  The  ionic  crystal  of  AgBr  may  have  Schottky  defect 

(b)  The  unit  cell  having  crystal  parameters,  a  -  b  ^  c,  a  =  p  =  90°,  y  =  120°  is  hexagonal 

(c)  In  ionic  compounds  having  Frenkel  defect  the  ratio  r+/r"  is  high 

(d)  The  co-ordination  number  of  Na+  ion  in  NaCl  is  6 

9.  Which  of  the  following  represents  the  closest  packed  arrangement  of  uniform  solid  spheres: 

(a)  simple  cubic  unit  cell  (b)  body  centered  cubic  unit  cell 

(c)  face  centered  cubic  unit  cell  (d)  hep  unit  cell 
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10*  Select  the  correct  statement(s): 

(a)  A  cubic  system  possesses  a  total  of  23  elements  of  symmetry 

(b)  A  cubic  system  contains  centre  of  symmetry,  planes  of  symmetry  as  well  as  axes  of  symmetry 

(c)  For  triclinic  system  a*  b  *  c  and  a  *  p  *  y  *  90°  -  - 

(d)  The  total  no.  of  Bravais  space  lattice  belonging  to  all  the  seven  crystals  are  14 

11.  Select  the  correct  statement  (s): 

(a)  Co-ordination  no.  of  Cs+  and  Cl"  are  8,  8  in  CsCl  crystal 

(b)  If  radius  ratio  (rc/ra)  <  0.225  then  shape  of  compound  must  be  linear 

(c)  If  radius  ratio  (rc/ra)  lies  between  0.414  to  0.732  then  shape  of  ionic  compound  may  be 
square  planer  (Ex.  PtCl2) 

(d)  If  radius  ratio  is  less  than  0.155  then  shape  of  compound  is  linear 

12.  Select  the  correct  statement (s): 

(a)  CsCl  changes  to  NaCl  structure  on  heating 

(b)  NaCl  changes  to  CsCl  structure  on  applying  pressure 

(c)  Co-ordination  number  decreases  on  applying  pressure 

(d)  Co-ordination  number  increases  on  heating 

13.  Select  the  correct  statement (s): 

(a)  A  NaCl  type  AB  crystal  lattice  can  be  interpreted  to  be  made  up  of  two  individual  fee  type 
unit  lattice  of  A  +  and  B~  fused  together  in  such  a  manner  that  the  comer  of  one  unit 

( ,  lattice  becomes  the  edge  centre  of  the  other 

(b)  In  a  fee  unit  cell,  the  body  center  is  an  octahedral  void 

(c)  In  an  see  lattice,  there  can  be  no  octahedral  void 

(d)  In  an  see  lattice,  the  body  center  is  the  octahedral  void 

14.  In  a  AB  unit  cell  (Rock  salt  type)  assuming  A+  forming  fee: 

(a)  The  nearest  neighbour  of  A+  is  6B“  ion  (b)  The  nearest  neighbour  ofB"  is  6A+  ion 

/o 

(c)  The  second  neighbour  of  A+  is  12A+  (d)  The  packing  fraction  of  AB  crystal  is  — — - 


15.  Amorphous  solids: 

(a)  do  not  have  sharp  melting  points 

(b)  are  isotropic 

(c)  have  same  physical  properties  in  all  directions 

(d)  are  supercooled  liquids 

16.  Which  is/are  correct  statement  about  zinc  blende  structure  ? 
(a)  The  number  of  first  neighbours  of  S2"  is  4 


(b)  The  maximum  distance  between  Zn^ 


.  aV 3 


,  where  ‘a’=  edge  length  of  unit  cell 


(c)  If  all  tetrahedral  voids  occupied  by  Zn2+  then  C.N.  of  S2”  is  8. 

(d)  If  all  tetrahedral  voids  occupied  by  Zn2+  then  C.N.  change  from  4  :  4  to  8  :  8. 

17.  Compound  X2Y  have  antifluorite  structure.  Which  is/are  correct  statement  ? 

(a)  The  minimum  distance  between  X+  is  ^  where  ‘a’=  edge  length  of  unit  cell 


(b)  The  co-ordination  number  is  8  :  4 

(c)  If  X+  removed  from  alternate  tetrahedral  void  then  CN  is  4  :  4. 

(d)  If  X+  removed  from  alternate  tetrahedral  void  then  CN  is  4  :  8 

18.  Which  is/are  correct  statement  ? 

(a)  Packing  fraction  in  2D-hcp  is  0.785  (b)  Packing  fraction  in  AAA . is  0.52 

(c)  Packing  fraction  in  ABAB . is  0.74  (d)  Void  fraction  in  ABCABC . is  0.26 

19.  Which  is/are  correct  statement  ? 

(a)  In  simple  cubic  dose  packed  arrangement  no  octahedral  void  present  at  edge  centre. 

(b)  In  fee  unit  cell  octahedral  void  and  tetrahedral  void  are  vacant. 

(c)  Packing  fraction  :  simple  cubic  unit  cell  <  bcc  unit  .cell  <  fee  unit  cell 

(d)  Size  of  void:  cubic  void  >  octahedral  void  >  tetrahedral  void 

20.  Given:  RadiusofA2*  =  100  pm  ;  Radius  of  C+  =240  pm  ;  Radius  of  B2'  =  300  pm  ;  Radius  of 
D~  =  480pm  Which  is/are  correct  statement  ? 

(a)  Coordination  number  of  A 2+  in  comp  AB  is  4 

(b)  Coordination  number  of  A2+  in  comp  AB  is  6. 

(c)  Coordination  number  of  C  +  in  comp  CD  is  6 

(d)  Coordination  number  of  C+  in  comp  CD  is  8. 


MATCH  THE  COLUMN 


Column-I  and  Column*!!  contains  four  entries  each.  Entries  of  Coiumn-I  are  to  be  matched 
with  some  entries  of  Column-II.  One  or  more  than  one  entries  of  Column-I  may  have  the 
matching  with  the  same  entries  of  Column-II. 


]  Column-I 

t 

(A)  Tetragonal  and  Hexagonal 

(B)  Cubic  and  Rhombohedral 

(C)  Monoclinic  and  Triclinic 

(D)  Cubic  and  Hexagonal 


Column-II 

(P)  are  two  crystal  systems 

(Q)  have  cell  parameters 

a  =  b  =c  and  a  =  p  =  90°  *  y  are  different 

(R)  a*b*c 

(S)  a  =  b  =  c 


Column-I 


(A)  If  radius  ratio 


<0.155 


(B)  If  0.225  <  x  <  0.414 

(C)  If  0.414  <x  <0.732 

(D)  If  0.732  5  -y  <  1 


!  Column-II 

(P)  Co-ordination  no.  is  8 


(Q)  Co-ordination  no.  is  4 

(R)  Co-ordination  no.  is  6 

(S)  Co-ordination  no.  is  2 


— * - * 


Column-1  Column-U 


(Shape  of  Compound) 

(A)  Linear 

(B)  Triangular  planar 

(C)  Square  planar 

(D)  Octahedral 

Coluinn-I 

(A)  Rock  salt  structure 

(B)  Zinc  blende  structure 

(C)  Fluorite  structure 

(D)  Anti  fluorite  structure 

Column-1 

(A)  Co-ordination  no.  of  Sa2+  and  F~  in 
fluorite  structure 

(B)  C.No.  of  Zn2+  and  S2-  in  zinc 
blende  structure 

(C)  C.No.  of  Cs*  and  CP  in  CsCl  (bcc 
type)  structure 

(D)  C.No.  ofLi''  andO2- inantifluorite 
structure 

Column-I 

[Bravais  Lattice(s)] 

(A)  Primitive,  face  centered,  body  cen¬ 
tered,  end  centered 

(B)  Primitive,  face  centered,  body  cen¬ 
tered 


(Co-ordination  No.) 

(P)  6 

(Q)  4 

(R)  2 

(S)  3 

Column-U 

(P)  general  formula  is  AB 

(Q)  general  formula  is  AB3 

(R)  general  formula  is  A2B 

(S)  general  formula  is  ABZ 

Colurnn-II 

(P)  8, 4 

(Q)  8, 8 

(R)  4, 8 

(S)  4, 4 

Column-11 
(Crystal  System) 

(P)  Cubic 

(Q)  Orthorhombic 


(C)  Primitive,  body  centered 

(D)  Primitive  only 


(R)  Hexagonal 

(S)  Tetragonal 


m#Mr 
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7.  ; 


Column-I 


Column-11 


(A)  Magnetic  moment  in  a 
neric  substance 

paramag- 

(P) 

\ftt  t  \ 

(B)  Magnetic  moment 
ferramagnetic 

in  a 

(Q) 

t  It  It  1 

(C)  Magnetic  moment 
antiferromagnetic 

in  a 

(R) 

ttt  1 1 1 

(D)  Magnetic  moment 
ferrimagnetic 

in  a 

(S) 

t  t  1  t  t  1 

_ _ _ 

- '  r 

_ 

8.  ;  Column-I  (Structure) 

(A)  Rock  salt  (NaCl) 

(B)  CsCl 

(C)  Zinc  blende  (ZnS) 

(D)  Anti  fluorite  (Na20) 

9.  1  Column-I  (Ideal  structure) 

(A)  Rock  salt 

(B)  Zinc  blende 

(C)  Fluorite 

(D)  CsCl 

10.  Column-I  (Structure) 

(A)  Rock  salt 

(B)  Zinc  blende 

(C)  Fluorite 

(D)  Anri  fluorite  (Na20) 


Column-11  (Edge  length  of  unit  cell) 

(P)  q  =  +  r Aniori ) 

tl  =  -j=  ( rc,nion  rAnion  ) 

(  )  0  s;  — —  ) 

•V  ■ 3 

(S)  a  —  2  (^Cation  +  rAnion) 


Column-II  (Packing  fraction) 

(P)  0.729 

(Q)  0.756 

(R)  0.793 

(S)  0.748 


Column-II  (Voids  occupied) 

(P)  100%  tetrahedral  voids  occupied  by  cation 

(Q)  100%  tetrahedral  voids  occupied  by  anion 

(R)  100%  octahedral  voids  occupied  by  cation 

(S)  50%  tetrahedral  voids  occupied  by  cation 


^  ASSERTION-REASON  TYPE  QUESTIONS 

Each  question  contains  STATEMENT-1  (Assertion)  and  STATEMENT-2  (Reason). 

Examine  the  statements  carefully  and  mark  the  correct  answer  according  to  the  instructions 
given  below: 

(A)  If  both  the  statements  are  TRUE  and  STATEMENT-2  is  the  correct  explanation  of 
STATEMENT- 1 

(B)  If  both  the  statements  are  TRUE  but  STATEMENT-2  is  NOT  the  correct  explanation  of 
STATEMENT-1 

(C)  If  STATEMENT-1  is  TRUE  and  STATEMENT-2  is  FALSE 

(D)  If  STATEMENT-1  is  FALSE  and  STATEMENT-2  is  TRUE 

1.  STATEMENT-1  :  In  any  ionic  solid  [MX]  with  Schottky  defects,  the  number  of  positive 

and  negative  ions  are  the  same. 

STATEMENT-2  :  Equal  number  of  cation  and  anion  vacancies  are  present. 

2.  STATEMENT  1  :  Amorphous  solids  are  isotropic. 

STATEMENT  2  :  Amorphous  solids  lack  a  regular  three-dimensional  arrangement  of 
atoms. 


3.  STATEMENT-1  : 
STATEMENT-2  : 

4.  STATEMENT-1  : 

STATEMENT-2  s 

5.  STATEMENT-1  : 

STATEMENT-2  : 

6.  STATEMENT-1  : 

STATEMENT-2  : 

7.  STATEMENT-1  : . 

STATEMENT-2  : 

8.  STATEMENT-1  : 
STATEMENT-2  : 

9.  STATEMENT-1  : 

STATEMENT-2  : 

10.  STATEMENT-1  : 
STATEMENT-2  : 

11.  STATEMENT-1  : 

STATEMENT-2  : 

12.  STATEMENT- 1  : 
STATEMENT-2  : 


Diamond  is  a  covalent  solid. 

The  Co-ordination  number  of  each  carbon  atom  in  diamond  is  4. 

In  NaCl  structure,  Na+  ions  occupy  octahedral  holes  and  Cl"  ions 
occupy  ccp. 

The  distance  of  the  nearest  neighbours  in  NaCl  structure  is  a/2  where  a 
is  the  edge  length  of  the  cube.  .  ‘ 

For  fluorite  structure,  the  F*  ions  occupy  tetrahedral  void  and  Ca2+ 
ions  in  ccp 

The  radius  ratio  of  fluorite  structure  is  0.414. 

In  the  body  centered  cubic  type  structure  of  CsCl  the  arrangement  of 
Cs+  is  present  in  central  octahedral  void. 

In  CsCl,  the  Cs+  ion  at  body  centered  position  and  Cl*  at  comers. 
Electrical  conductivity  of  semi-conductors  increases  with  increasing 
temperature. 

With  increase  in  temperature,  number  of  electrons  from  the  valence 
bond  can  jump  to  the  conduction  band  in  semi-conductors. 

FeO  is  non-stoichiometric  with  Fe0  9SO. 

Some  Fe2+  ions  are  replaced  by  Fe3+  as  3Fe2+  =  2Fe3+  to  maintain 
electrical  neutrality. 

The  number  of  tetrahedral  voids  is  double  the  number  of  octahedral 
voids. 

The  size  of  the  tetrahedral  void  is  half  of  that  of  the  octahedral  void. 
Due  to  Frenkel  defect  there  is  no  effect  on  density  of  a  solid. 

Ions  shift  from  lattice  sites  to  interstitial  sites  in  Frenkel  defect. 
Antiferromagnetic  substances  become  paramagnetic  on  heating  to 
high  temperature. 

Heating  results  in  spins  of  electrons  becoming  random. 

Ionic  crystals  have  the  highest  melting  point. 

Covalent  bonds  are  stronger  than  ionic  bonds. 


SUBJECTIVE  PROBLEMS 

1.  In  seven  possible  crystal  system  how  many  crystal  system  have  a  =  P  ? 

2.  In  seven  possible  crystal  system  how  many  crystal  system  have  more  than  one  Bravais  lattice  ? 

3.  How  many  effective  no.  of  atoms  present  in  BCC  unit  cell  ?  ' 

4.  In  solid  X  atoms  goes  to  comer  of  the  cube  and  two  alternate  face  centre.  Calculate  effective 
number  of  atom  of  X  in  unit  cell  ? 

5.  Find  the  distance  (in  pm)  between  the  body  centered  atom  and  one  comer  atom  in  an  element 
(a  =  2.32pm) 


6.  The  structure  of  MgO  is  similar  to  NaCl.  What  is  the  co-ordination  number  of  Mg  ? 

7.  How  many  number  of  formula  units  in  a  unit  cell  of  CaF2  ? 

8.  What  is  the  co-ordination  number  of  sodium  in  Na20  ? 

9.  Density  of  Li  atom  is  0.53g/cm3.  The  edge  length  of  Li  is  3.5A.  Find  out  the  number  of  Li 
atoms  in  a  unit  cell.  (NA  =  6.0 x  1023  mol'1,  M  =  &94gmol'1) 

10.  What  is  the  co-ordination  number  of  Cl"  in  CsCl  structure  ? 

11.  In  cubic  system  how  many  atoms  arrangement  exist  in  nature  ? 

12.  The  ionic  radii  of  A  andB  are  1.7  A  and  1.8  A  respectively.  Find  the  co-ordination  number  of 
A*. 

13i  Jf  edge  fraction  unoccupied  in  ideal  anti-fluorite  structure  is  x.  Calculate  the  value  of  Z.  Where 

Z=— 

0.097 

14.  Ionic  solid  Na+A'  crystallise  in  rock  salt  type  structure.  2.592  gm  of  ionic  solid  salt  Na4 
dissolved  in  water  to  make  2  litre  solution.  The  pH  of  this  solution  is  8.  If  distance  between 
cation  and  anion  is  300  pm.  Calculate  density  of  ionic  solid  (in  gm/cm3). 

(Given  :  pKw  =  l3,pKa(HA)  =  5 ,NA  =  6x  1023) 

7 

15.  Calculate  the  value  of  — .  Where 

10 

Z  =  Co-ordination  number  of  2D -square  close  packing 
+ 

Co-ordination  number  of  2D-hcp 
+ 

Co-ordination  number  of  3D-square  close  packing 
+ 

Co-ordination  number  of  3D,  ABCABC . Packing 

+ 

Co-ordination  number  of  3D,  ABAB . packing 
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PROBLEMS  IN  CHEMISTRY 


Level 

13  _ 

Passage-1 s 

1.  (c) 

2. 

(a) 

'  T 

Passage-2: 

1.  (d) 

2. 

(a) 

J. 

(c)  Sjj 

Passage-3: 

1.  (b) 

2. 

(b) 

3. 

(a) 

Passage-4: 

1.  (b) 

2. 

<b) 

3. 

(d) 

Passage-5: 

1.  (b) 

2. 

(b) 

3. 

(a)  , 

Passage-6: 

1.  (d) 

2. 

(a) 

Passage-7: 

1.  (a) 

2. 

(d) 

3. 

(d) 

'll 


One  or  More  Answers  is/are  correct 


1.  (a,d)  2.  (b,c)  3.  (a,c)  4.  (a.c)  5.  (c)  6.  (a,c)  7.  (a,b>  8.  (a,b,d) 

9.  (c,d)  10.  (a,b,c,d)  11.  (a,c,d)  12.  (a,b)  13.  (a,b,c)  14.  (a,b,c)  15.  (a,b,c,d)  16.  (a,b,c) 

17.  (a,c)  18.  (a,b,c,d)  19.  (a,b,c,d)  20.  (a.c) 

Match  the  Column 


1. 

A  — ►  R; 

B->  P; 

C  ->  P,  R; 

D  — >  P,  Q 

2. 

A  S; 

B^Q; 

C  — *  Q,  R; 

D->  P 

3. 

A  — ►  R; 

B->  S; 

C  — >  Q; 

D-+  P 

4* 

A->  P; 

B-*»  P; 

C  ->  S; 

D->  R 

5* 

A  P; 

B->  S; 

C->Q; 

D— ►  R 

6. 

A->Q; 

B— >  P; 

C  *4  S) 

D  — >  R 

7. 

A  — >  P; 

B— >  R; 

C  -» Q; 

D— »  S 

8. 

A  -+  S; 

B  — >  R; 

C  ->  Q; 

D  — >  Q 

9. 

A  R; 

B->S; 

C  ->  Q; 

D  P 

10. 

A  P; 

B->S; 

C  -4  Q; 

D-4  p 

11. 

A->Q; 

B-*Q; 

C-4  P; 

D->  R 

Assertion-Reason  Type  Questions 

1.  (A)  2.  (A)  3.  (B)  4.  (B)  5.  (C)  6.  (D)  7.  (A)  8.  (A)  9.  (C)  10.  (A) 

11.  (A)  12.  (C) 


Subjective  Problems 

1.  5  2.  4  3.  2 


11 


13.  3 


3 


12.  8 


Hints  and  Solutions 


Level  1 

44.  (d)  Effective  no.  of  atoms  in  a  unit  cell  =  4 

g 

No.  of  atoms  =  —  *NA 
80  A 

_  _  f  .  1T  Na  1 
/.  No.  of  unit  cell=  — -  x  — 


45.  (c)  Use  a3  =  - 
P  l 


’  M') 

Na) 


10  4 


a  =  314  pm  .  r  = 


Sa 


135.96  pm 


51.  (b)  The  ccp  structure  generates  fee  unit  ceil 
So,  V2a  -  4r 

a  =  608.2  pm 

Z.M  mT  4x59 


52*  (b)  p  = 


(9.0)  (3.5  x  10  )' 


,-fi  \3 


=  6.11  xlO 


23 


59*  (c)  Spheres  of  any  two  adjacent  layer  should 
not  be  repeated  on  each  other. 

1  7 

81*  (c)  Effective  no.  of  atoms  of  A  =  1  -  —  =>  — 

8  8 

Effective  no.  of  atoms  of  £  =  6  x  i  =>  3 

2 

A7/8B3  or  general  formula  is  A7B2A 
83*  (b)  Effective  no.  of  02‘  in  a  unit  cell 

=8xi+6xi=4 
8  2 

Effective  no.  of  A2*  in  a  unit  cell  =  8  x  —  =  1 

8 

Effective  no.  of  £3+  in  a  unit  ceil  =  4  x  -  =  2 

2 

general  formula  is  AB204 
84*  (c)  Effective  no.  of  Ain  a  unit  cell  =  6 

2 

Effective  no.  of  C  in  a  unit  cell  =  6  x  -  =  4 

3 

So,  general  formula  is  C2A3 

87.  (c)  Effective  no.  of  Cu  in  a  unit  cell 

1  .  1  . 

=  8  x— + 6  x-  =  4 
8  2 


Effective  no.  of  Ag  in  a  unit  cell  =  12  x  i  =  3 

Effective  no.  of  Au  in  a  unit  cell  =  1 

So,  general  formula  of  compound  is 

Cu4Ag3Au 

100.(b)a  =  2(r+  +  r“)  =>  400  =  2(80+ ra) 

ra  ”  120 

102.  (d)  In  ideal  fluorite  type  structure;  cation  is 
■present  in  tetrahedral  void 


So, 


—  =  0.225 


104.  (c)  V3a=2(r+  +  r") 

2x0.69  +  1.81) 

=>  a  = - 

1.732 

=>  =  4.04  A 

105.  (a)  -J3a  =  2(.r*  +  r-) 

r+  +  r“  ==>  3.72  pm 

119*  (d)  Density  of  crystal  always  increases  due  to 
substitutional  impurity  defect. 

120*  (b)  V3a  =  4(2r) 

121.  (b)  v  2Na*  replaced  by  one  Sr2*; 

1  mole  of  NaCl  contain  10~7  mole  of  Sr2* 
no.  of  cationic  vacancies  =10-7  *NA 

122.  (a)  Three  Fe2*  replaced  by  two  Fe3* 

total  loss  of  iron  =  0.07  mole 
So,  mole  of  Fe3*  present  in  Fc0  930 
=  2  x  0.07 

%  of  Fe3*  in  total  iron  content 
0.07 


=  2x- 


=  15.05 


0.93 

123.  (b)  Two  Cu*  replaced  by  one  Cu2* 

Total  loss  of  Cu  =  0.2  mole 
So,  mole  of  Cu2*  present  in  Cu1  qS  =  0.2 
%  ofCu2*  in  total  copper  content 

=  —  xlOO 
1.8 

=  11.11 


Level  2 

-  2  x  56  4  x  56 

*•  (b)p'’7W;P!‘5W 


VsJ 

0.918 


2.  (c)  2.32  = 


6  x  1023  (1.22)3  x  10-21 


=>  M  =  1264  =>  x  =  47 

3.  (c)  Edge  not  covered  by  atom  -  a  -  2r 

also  in  bcc,  4r  =  V3a 
Therefore,  edge  not  covered 

V3  (2-S) 

2  2  J 

=>  Fraction  of  edge  not  covered  by  atoms 

,2^,0.134 

2 

4.  (c)  In  a  simple  cubic  crystal,  a  =  2r 

Let  the  radius  of  the  interstitial  atom  in 
simple  cubic  structure  be  xy  then 

2  (r  +  x)  =  V3 a  =  V3  x  2r 
So,  x  =  V3 r-r  ±>  0.732 r 

-  jit3  +  -  jt  (0.732r)3 

Packing  fraction  =  — - - — - - 

(2r)3 

-  nr3  [1  +  (0.732)3] 


=  —  [1  +  (0.732)3]  =  0.73 
6 

5.  (d)  Given  a  -  2r  =  60.3  and  for  bcc,  4r  =  V3 a 


a~  — a-60.3  =>  a -450  pm 


Density  (p)  = 


6.023  xlO23  x(4.5)3  xlO" 


=  1.75g/cc 

6.  (c)  a-2r=53.6pm 

also  4r  =  V3 a 

a-  —  a  =53. 6 


53.6x2 

a  = - t--  -  400  pm 

2  —  V3 


rx  /  a  2x23 

Density  (p)  = - 5= - = - zj 

6.023  x  1023  x43  xlO’24 

=  1.19g/cc 

7*  (b)  Vol.  of  all  atoms  in  1.68  g  of  Ar 

=  —  X6xl023  X- x—  x(1.503  x  10-8) 
40  3  7 

=  0.3564 

Vol.  of  solid  Ar  =  1  cm3 
%  of  empty  space  =  (1  -  0.3564)  x  100 
-  64.36 

8.  (d)  Effective  no.  of  atoms  of  B  present  in  a  unit 
cell  -  2 

Total  volume  of  B  unoccupied  by  A  in  a  unit 
cell 

=  2x— (i?3  -r3)x;t 
3 

7jcR3  (  R\ 

~  lV  r=  2j 

Volume  of  unit  cell  -  a3 

/  3  ^  . 


V3/  3^ 


(v  V3a  =  4i?) 


Desired  ratio 


_3 _ _j 


64  R3 

^  A 

3V3 


9.  (a)  f 

a 

i 


A 

AB=a 
BD=42a 
CE  =  V3a 
A 


10.  (c) 


r 

\r 

(nearest) 

(next-nearest) 

(next-next-nearest) 

D 


2 

AC -a 
CD  -  V2a 


(nearest) 


(next-nearest) 

(next-next-nearest) 


11*  (a)  Atoms  of  three  layers  (ABC)  are  present  in 
fee  unit  cell  generated  by  cubic  closest 
packing. 

12.  (b)  Let  volume  of  fee  unit  cell  -  V 
_4  xMa 


Na.V 

Pa  Ma  _  30  =Q3 

pB  2 Mb  2  x  50 

pB  =  =  3.33  g/ce 

HB  0.3  ^ 

Total  density  pA  +  pB  -  4.33  g/cc 


18.  (a) 


r  +r 

r  q~ 


13.  (c) 


Si  -  2^rK+  +  rcr) 

2'frNlV  +  a-) 

12  1  1  uo 

=  —  x  —  =  1.143 
7  1.5 

19.  (a)  Mass  of  unit  cell  ~dxV 

=  (5  x  10~8)3  x  3.84  x  6  x  1023 

=  288  a.m.u. 

Mass  of  formula  unit  of  FeO  =  56  + 16  =  72 


no.  of  formula  unit  - - =  4 

72 

20.  (b)  Density  crystal  decreases  due  to  Schottky 
defects  effective  no.  of  atoms  per  unit  cell  in 
given  lattice 

,4fl-°a.3.99 


—  =  cos  30e  =  — 

BC  2 

Distance  between  the  centres  of  two  B  atoms 
=  2*  BE  -  a/3  A 

14.  (d)  4  formula  unit  of  AB  is  present  in  a  unit  cell 
,  .  „  4  Na 


50x3.99 

P_  6xl023  (0.50  xl0“7)3 
50x3.99 
”*  6  xl25  x  0.1 
p  =  2.66  g/  cm3 


21.  (a)  Theoretical  density  =  - 


no.  of  unit  cell 


0.025  N< 


40  4 


15*  (c)  Use  p  = 

NA.a3 

Z  =  4;  M  =  40  +  2  x  19 
16.  (a)  a  =  2(r*  +  r~) 

=  2  x  29 7  pm 
Volume  of  unit  cell  =  a3 
-  209.6  xlO-24  cm3 


4  x  24  x ICT* 

6  x  1023  x(4  xlO“10)3 
2.5  xlO3  kg/m3 

_  Observed  density 


%  occupancy  = 


2.4  xlO1* 

2.5  xlO3 


Ideal  density 
x  100  =  96% 


17.  (b)  8.27 


4x128 

6.023  x  1023  a 3 


a  =  46.8  x  10“9  cm  =  4.68  A 
=  2[r,  +  r  2+  ] 


23.  (d)  Octahedral  void  present  at  the  centre  of  cube 

and  tetrahedral  void  is  present  at  (1/4)*  of 
the  distance  along  each  body  diagonal. 

V3a 

t\ - =  2  x  distance  between  octahedral 

2 

and  tetrahedral  void. 

24.  (d)  Vol.  of  unit  cell  =  a2  sin  60°  x  b 

=  173.2  xlO-24  cm3 


a=  5  A 


Mass  of  unit  cell 

=  173.2  x  10-24  x  5  x  6  x  1023 

=  519. 6g 

No.  of  molecules  present  in  given  unit  cell 
1  519.6 
259.8 

25.  (b)  In  hep  arrangement  total  height 


h  =  4  x  - r 
V  3 

as  per  given 

-  =  2  J-  r  =  3.35  A  =  3.35  x  1CT8  cm. 
2  V  3 

Volume  of  unit  cell  =  24  V2r3 


=  24V2|1p  x- x  3.35x10“ 

V  2  2 


=  2.93  x  10“22  cm3 

Effective  no.  of  atoms  in  hexagonal  unit  cell 
=  6 


density  = 


6.023  xlO23  x  2.93  x  10“22 


=  0.41  g/cc 

26.  (a)  No.  of  Na+  =4-1  =  3 

No.  ofCT  =  4-^2xlj  =3 

27.  (b)  Along  one  body  diagonal  2X  atoms  from  2 

comers,  one  Y  particle  (at  the  centre  of 
cube)  will  be  removed. 

So,  effective  no.  of  X  particles  in  a  unit  cell 

.4-fj.il.15 


and  effective  no.  of  Y  particles  in  a  unit  cell 
=4-1=3 

X:Y  — :3 
4 


28.  (b)  Effective  no.  of  Na+  =4  —  fl  +  2x  —  ]  =  — 

l  4  J  2 

For  Cl  =  4V2a  =  4r~ 

0  Vol.  of  effective  no.  of  cations  and  anions 
Vol.  of  unit  cell 

29.  (d)  No.  of  X  particles  per  unit  cell  =  4 

No.  of  Y  particles  =  4 


No.  of  Z  particles  =8 

Along  one  body  diagonal  2X  atoms  from  2 
comers,  one  Y  particle  and  2Z  particles  will 
be  removed. 

So,  effective  no.  of  X  particles  in  a  unit  cell 

„  1  .  15 
8  4 

Effective  no.  of  Y  particles  in  a  unit  cell 
=4-1=3 

Effective  no.  of  Z  particles  in  a  unit  cell 
=8-2=6 
X  :  Y  :  Z 

—  :  3  :  6 

4 

5  :  4  :  8 

30.  (a)  Effective  no.  of  A  particles  are  removed 

=  4  k  —  +  2  x  i  =  — 

8  2  2 

Effective  no.  of  A  particles  present  in  a  unit 
cell 

=  4-^5 
2  2 

Effective  no.  of  B  particles  are  removed 

=2xi+l=— 

4  2 

Effective  no.  of  B  particles  present  in  a  unit 
cell 

=  4-^ 

2  2 


A  :  B 
5  5 


j  Level  3 
Passage-1 

.  2  x  —  nr3 

1.  (c)P.F.  = - a_ 

f  4r  | 


or  1:1 


%  of  empty  space  =  100  -  0.68  x  100  =  32 

A  4  3 

4  x—  nr 

2.  Ca)  P.  F.  — - 2__  =  0.7406 

(  4rV 


SOLID  STATE  fepfli 


Passage-2 

1.  (a)  10.6 


4x108 

a 3  x  6.023  x  1023 


a  =  4.07  nm 

2.  (a)  Mass  of  12  x  1023  atoms  =  100  gm 
Mass  of  6.022  x  1023  atom 


=  — X  6.023  xio23 
12  x  1023 


=  50.18 

_ 4x50.18  xlO _ 

"  6.023 xlO23  x (200  xlO~10)3 
=  41 .66  g/ cm3 


3.  (c)  By  Hit  and  Trial  :  For  fee  Z  =  4  (4  pairs  of 
KBr) 

M  =  39  +  80  =  119 

Passage-3 

3.  (a)  1  to  3 

c.c.p.  generated  f.c.c.  and  octahedral  voids 
=  effective  number  of  atoms  in  a  unit  cell 

4.  (a)  O2-  is  replaced  by  X8/3_  so  formula  of  spinel 

is  MgAl2X3  and  deficiency  by  one  anion. 

Subjective  Problems 

15.  Z  =  4+  6+  6+ 12+ 12  =  40 
Z_  =  40=4 
10  ~  10 


Terms  Related  to  Adsorption  and  Absorption 

*  Adsorption  :  The  accumulation  of  molecular  species  at  the  surface  rather  than  bulk  of  solid 
or  liquid  is  known  as  adsorption. 

*  Adsorbate  :  The  molecular  species  or  substance  which  accumulates  at  the  surface  is  known 
as  adsorbate. 

*  Adsorbent  :  The  surface  at  which  accumulation  of  adsorbate  takes  place  is  known  as 
adsorbent. 

Ex  :  Water  vapours  (adsorbate)  adsorb  at  the  surface  of  silica  gel  (adsorbent). 

*  Desorption  :  The  process  of  removing  an  adsorbed  substance  from  adsorbent  is  known  as 
desorption.  When  equilibrium  established  then  rate  of  adsorption  and  rate  of  desorption  are 
equal. 

*  Absorption  :  When  atoms  molecules  or  ions  enter  in  bulk  phase  of  solid  or  liquid  is  known 
as  absorption. 

Ex*  Water  vapours  absorbed  by  anhydrous  CaCl2. 

*  Sorption  :  When  adsorption  and  absorption  takes  place  simultaneously  then  phenomena  is 
known  as  sorption. 

Ex*  Dyeing  of  fabric 

Characteristics  of  Adsorption 

*  Adsorption  is  surface  phenomena. 

*  In  adsorption  surface  energy  decreases. 

*  In  adsorption  entropy  decreases.* 

*  When  decrease  in  free  energy  takes  place  then  adsorption  takes  place. 


Types  of  Adsorption 

(1)  Based  on  concentration  : 

❖  Positive  adsorption  :  If  the  concentration  of  adsorbate  is  more  at  the  surface  as  compared 
to  its  concentration  in  the  bulk  phase  then  it  is  called  positive  adsorption 

❖  Negative  adsorption  :  If  concentration  of  adsorbate  is  less  at  the  surface  as  compared  to 
its  concentration  in  the  bulk  phase  then  it  is  called  negative  adsorption 

(2)  Based  on  forces  existing  between  adsorbate  molecule  and  adsorbent : 

Physical  adsorption  :  If  the  forces  of  attraction  existing  between  adsorbate  and 
adsorbent  are  vander  Waal’s  forces,  then  adsorption  is  called  physical  adsorption. . 

❖  Chemical  adsorption  :  If  the  forces  of  attraction  existing  between  adsorbate  particles 
and  adsorbent  are  almost  of  the  same  strength  as  chemical  bonds  then  adsorption  is 
called  chemical  adsorption. 

Comparison  between  physisorption  and  chemisorption 


S.No. 

Physisorption 

Chemisorption 

B 

Low  heat  of  adsorption  usually  in  range  of 
20-40  kJ/mol. 

High  heat  of  adsorption  in  the  range  of 
80-240  kJ/mol . 

2. 

Forces  of  attraction  are  vander  Waal’s  forces. 

Forces  of  attraction  are  chemical  bond  forces. 

3. 

It  is  reversible  in  nature. 

It  is  irreversible  in  nature. 

B 

It  usually  takes  place  at  low  temp  and  it  decreases 
with  increasing  temp. 

It  takes  place  at  high  temperature  and  it  increase 
with  increasing  temperature. 

5. 

More  easily  liquefiable  gases  are  adsorbed  readily. 

Gases  which  can  react  with  the  adsorbent  show 
chemisorption. 

6. 

It  forms  multimolecular  layers. 

It  forms  monomolecular  layer. 

7. 

It  does  not  require  any  activation  energy. 

It  requires  activation  energy. 

8. 

It  is  not  specific. 

It  is  highly  specific. 

9; 

It  increases  with  increase  the  surface  of  area  of 
adsorbent. 

It  also  increases  with  increase  the  surface  area  of 
adsorbent. 

Factors  Affecting  Adsorption 

❖  Nature  of  the  gas  :  Easily  liquefiable  gases  adsorb  to  greater  extent. 

❖  Effect  of  nature  of  adsorbent  :  When  adsorbent  activated  then  extent  of  adsorption 
increases. 

❖  Specific  area  of  the  solid  :  Greater  the  specific  area  of  the  solid,  greater  would  be  its 
adsorbent  power.  By  the  activation  of  adsorbent,  surface  area  increase  and  adsorption 
increases. 

❖  Effect  of  pressure  of  the  gas  :  The  adsorption  causes  a  net  decrease  in  pressure  as  the  gas 
gets  adsorbed  and  thus  the  increase  in  pressure  favours  the  process  of  adsorption. 


t 
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Adsorption  Isotherm 

Graph  between  extent  of  the  adsorption  —  &  pressure  (P)  at  a  given  temperature  is  called 

\rnj 

adsorption  isotherm.  There  are  two  types  of  adsorption  isotherms  _ ^ _ 

(i)  Freundlich  Adsorption  isotherm  :  f*  "m  K  p 

FfvaivnHIiVIVc  PnnaHnn  =  t*  v  pVn  I  /  JL  ^  d° 


Freundlich’s  Equation  — =hP^ 
m 


JLrr  P° 

m  p  I 


XocR1'0 


1 

x"  Slope  =  1/n 

^e_  -  . 

09  ITT 

1 

OA  =  log  k 

L  .. 

log  P 

where  x  =  mass  of  adsorbate  adsorbs,  m  =  mass  of  adsorbent,  p  =  pressure 

x 

❖  At  low  pressure  :  —  =  kxP 


❖  At  intermediate  pressure  :  —  =  kx  Pv",  where  n  £  1 

m 

jc 

❖  At  high  pressure  :  —  =  constant 

m 

x  1 

log  —  log  fc  +  —  log  p 
m  n 


(ii)  Langmuir  Adsorption  isotherm  :  According  to  Langmuir 

❖  There  is  adsorption  of  gas  molecules  on  the  surface  of  the  solid. 

❖  There  is  desorption  of  the  adsorbed  molecules  from  the  surface  of  the  solid. 

❖  There  is  formation  of  unimolecular  layer  and  so  it  is  chemisorption 

❖  A  dynamic  equilibrium  is  attained  when  rate  of  adsorption  =  rate  of  desorption. 

x  op  _ 

m~T+bp  | 

Where  a  &  b  Langmuir  parameters. 

Case-I  At  very  high  pressure  / 

bp  »>  X,  171  / 

x  ap  a  ( 

—  =—  =  —  =  constant  - : 

m  bp  b  l  O _ P_r^r+. _ , 

Case-EI  At  very  low  pressure 
bp  «<  1 
x 

.  —=ap 

m 

Adsorption  Isobar 

Graph  between  extent  of  the  adsorption  j  &  pressure  (P)  at  a  given  temperature  is  called 
adsorption  isobar. 
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A  physical  adsorption  isobar  shows  a  decrease  in  xjm  as  the  temperature  rises. 


|x 
m 

i  (a)  Physicat  adsorption  T  — * 

Physical  adsorption  isobar 

The  isobar  of  chemisorption  shows  an  increase  in  the  beginning  and  then  decrease  as  the 
temperature  rises. 

I 

X 

in 


(b)  Chemisorption  T  ■■ 

Chemical  adsorption  isobar 
Application  of  Adsorption 

❖  Activated  charcoal  is  used  in  gas  masks  to  remove  poisonous  gases  such  as  CH4,  CO  etc. 

❖  Animal  charcoal  is  used  as  decolorizer  in  manufacture  of  sugar. 

❖  tSilica  gel  is  used  for  removing  moisture  and  controlling  humidity, 

❖  Some  industrial  processes  take  place  in  the  presence  of  catalysts  which  are  based  upon 
adsorption. 

❖  Chromatographic  purification  of  compounds  which  is  based  upon  adsorption, 

❖  The  ion  exchange  resins  used  for  removing  hardness  of  water  are  also  based  upon  adsorption. 

Catalyst 

1.  Catalyst :  A  substance  which  influence  the  rate  of  reaction  is  known  as  catalyst  provided  it 
remains  unchanged  in  amount  a  well  as  in  composition. 

❖  Positive  catalyst  :  The  catalyst  which  increase  the  rate  of  chemical  reaction  is  known  as 
positive  catalyst.  Fe  act  as  positive  catalyst  in  following  reaction. 

N2  +  3H2  -Fc->2NH3 

❖  Negative  catalyst :  The  catalyst  which  decrease  the  rate  of  chemical  reaction  is  known  as 
negative  catalyst.  C2HsOH  act  as  negative  catalyst  in  following  reaction. 

CHClj  +0  C2Hs°H  >COCl2  +  HC1 

❖  Auto  catalyst  :  When  one  of  product  act  as  catalyst  then  such  type  of  catalyst  is  known  as 
auto  catalyst.  Mn2+  act  as  auto  catalyst  in  following  reactions 

2MnO;  +  5C202'  +  16H+ - ►  2Mn2+  +  10CO2  +  8H20 

2.  Catalyst  promoters  :  Substance  which  increase  the  activity  of  catalyst  is  known  as  catalyst 
promoters.  Mo  act  as  catalyst  promoters  in  following  reaction. 


3.  Homogenous  catalytic  reaction  :  If  catalyst  is  present  in  same  phase  as  reactant 
then  it  is  called  homogenous  catalytic  reaction. 

2S02(g)  +  02(g) — »2S03(g) 

4.  Heterogenous  catalytic  reaction  :  If  catalyst  is  present  in  different  phase  as  reactant 
then  it  is  called  heterogenous  catalytic  reaction. 

N2(g)  +  3H 2(g)  FeW  > 2NH3(g) 

5.  Adsorption  theory  of  heterogenous  catalyst  :  The  mechanism  of  heterogenous 
catalyst  involves  the  following  steps  : 

❖  Adsorption  of  reactant  molecules  on  the  catalyst  surface. 

❖  Occurrence  of  a  chemical  reaction  through  the  formation  of  an  intermediate. 

❖  Desorption  of  products  from  the  catalyst  surface. 

❖  Diffusion  of  products  away  from  the  catalyst  surface. 


Enzyme  Catalyst 

Complex  nitrogenous  compound  which  are  produced  by  living  plants  and  animals  is  known  as 
enzymes.  The  characteristic  features  of  enzyme  catalyst  are  : 

❖  They  are  highly  efficient. 

❖  They  are  highly  specific  in  nature. 

'  ❖  They  are  highly  active  under  optimum  temperature. 

❖  They  are  highly  active  under  optimum  pH. 

❖  There  is  increase  in  their  activity  in  the  presence  of  activators  and  coenzymes. 

❖  They  are  influenced  by  inhibitors  and  poisons. 


^12^22^11  +  H20  — 

Invertase 

4C6h12o6+c6h12o6 

Glucose  Fructose 

^12^22^11 

Maltase 

->2C6H1206 

Glucose 

(C6H10O5)„+nH2O^ 

Diastase 

^^12^22^11 

Starch 

Maltose 

^6^12^6  * 
Glucose 


;2h5oh  +  2C02 


Mechanism  of  Enzyme  Catalyst 

Step  1  :  Binding  of  enzyme  to  substrate  to  form  an  activated  complex  E  +  S : - >  ES 

Step  2  :  Decomposition  of  the  activated  complex  to  form  products  ES - >  E  +  P 

Colloids 

Depending  on  size  of  particles  solution  are  divided  into  three  classes  In  true  solution 

❖  True  solution  :  Size  of  particles  is  less  than  1  nm. 

❖  Suspension  :  In  suspension  size  of  particles  is  greater  than  1000  nm. 

❖  Colloidal  solution  :  In  colloidal  solution  size  of  particles  lies. from  1  nm  to  1000  nm. 
It  consists  two  phase  i.e.,  dispersed  phase  and  dispersion  medium. 


Dispersed  Phase  :  It  is  the  component  present  in  small  proportion  and  is  just  like  a  solute  in  a 
true  solution.  For  example,  in  the  colloidal  state  of  sulphur  in  water,  the  former  acts  as  a  dispersed 
phase. 

Dispersion  Medium  :  It  is  normally  the  component  present  in  excess  and  is  just  like  a  solvent 
in  a  solution. 

The  particles  of  the  dispersed  phase  are  scattered  in  the  dispersion  medium  in  a  colloidal 
system. 

Classification  of  Colloids 


1.  Based  on  Physical  State  of  Dispersed  Phase  &  Dispersion  Medium  : 


Dispersion  medium 

Colloidal  system 

Examples 

Liquid 

Foam  or  froth 

Soap  sols,  lemonade  froth;  whipped  cream.  1 

Gas 

Solid 

Solid  foam/Sol 

Pumice  stone,  styrene,  foam,  foam  rubber.  % 

Liquid 

Gas 

Aerosols  of  Liquids 

Fog,  clouds,  fine  insecticide  sprays. 

Liquid 

Liquid 

Emulsions 

Milk 

Liquid 

Solid 

Gels 

Cheese,  butter,  boot  polish,  table  jellies. 

Solid 

Gas 

Aerosols  of  Solid 

Smoke,  dust 

Solid 

Liquid 

Sols 

Most  paint  starch  dispersed  in  water,  gold 
sol,  muddy  water,  inks. 

SoUd 

Solid 

Solid  sols 

Ruby  glass,  some  gem  stones. 

2.  Based  on  Interaction  or  Affinity  of  Phases  : 

(a)  Lyophilic  Colloids  :  The  colloidal  system  in  which  the  particle  of  dispersed  phase  have 
great  affinity  for  the  dispersion  medium,  are  called  lyophilic 

(b)  Lyophobic  colloids  :  The  colloidal  system  in  which  the  dispersed  phase  have  no  affinity 
for  the  dispersion  medium  are  called  lyophobic. 


Property 

Lyophilic  sols 

Lyophobic  sols 

| 

Nature 

Reversible 

Irreversible  * 

Preparation 

They  are  prepared  very  easily  by  shaking 
or  warming  the  substance  with 
dispersion  medium. 

They  are  difficult  to  prepare.  Special 
methods  are  used. 

3. 

Stability 

They  are  very  stable  and  are  not  easily 
coagulated  by  electrolytes. 

They  are  generally  unstable  and  get  easily 
coagulated  on  addition  of  electrolytes: 

B 

Charge 

Particles  carry  no  or  very  little  charge 
depending  upon  the  pH  of  the  medium. 

Colloidal  particles  have  characteristic 
charge  (positive  or  negative) 

5. 

Viscosity 

Viscosity  is  much  higher  than  that  of  the 
medium. 

Viscosity  is  nearly  the  same  as  that  of  the 
medium 

6. 

Surface  Tension 

Surface  tension  is  usually  less  than  that 
of  the  medium. 

Surface  tension  is  nearly  the  same  as  that 
of  the  medium. 
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7. 

Migration  in  electric 
field 

The  particles  may  or  may  not  migrate  in 
an  electric  field. 

The  colloidal  particles  migrate  either 
towards  cathode  or  anode  in  an  electric 
field. 

8. 

Solvation 

Particles  are  heavily  solvated. 

Particles  are  not  solvated. 

9. 

The  particles  can  not  be  seen  under  ultra 
microscope. 

The  particles  though  invisible,  can  be 
seen  under  ultra  microscope. 

10. 

Tyndall  effect 

Less  distinct. 

More  distinct. 

11. 

Action  of  electrolyte 

Large  amount  of  electrolyte  is  required 
to  cause  coagulation. 

Small  amount  of  electrolyte  is  sufficient 
to  cause  coagulation. 

12. 

Examples 

Mostly  organic  substances  e.  g. ,  starch, 
gums,  proteins,  gelatin  etc. 

Generally  inorganic  substance  e.  g. ,  metal 
sols,  sulphides  and  oxides  sols. 

3.  Based  on  Type  of  Particles  of  the  Dispersed  Phase 

Multimolecular  colloids  :  The  multimolecular  colloidal  particles  consists  of  aggregate  of 
atoms  of  small  molecules  with  diameters  less  than  10'9m  or  1  nm. 

For  example,  a  sol.  of  gold  contains  particles  of  various  sizes  having  several  atoms. 

❖  Macromolecular  colloids  :  The  macromolecular  colloidal  particles  themselves  are  large 
molecules.  They  have  very  high  molecular  weights  varying  from  thousands  to  millions.  These 
substances  are  generally  polymers. 

For  example,  starch,  cellulose  and  proteins,  polyethene,  nylone  etc. 

❖  Associated  colloids . :  Certain  substances  behave  as  strong  electrolytes  at  low 
-  concentration  but  at  higher  concentrations  these  substances  exhibit  colloidal  characteristics 

due  to  the  formation  of  aggregated  particles.  These  aggregated  particles  are  called  micelles, 
which  are  also  known  as  associated  colloids. 

Kraft  Temperature  :  The  formation  of  micelles  takes  place  only  above  a  particular 
temperature  called  Kraft  temperature. 

Critical  Micelle  Concentration  :  Formation  of  micelle  takes  place  above  kraft  temperature 
and  above  a  particular  concentration  called  the  critical  micelle  concentration  (CMC). 

For  soaps,  the  CMC  is  about  lO^M  to  10“3Af . 

4.  Method  of  Preparation  of  Colloids  : 

-<•  Mechanical  Dispersion  :  In  this  method  the  substance  is  first  finely  powdered  and  a 
suspension  is  made  by  shaking  the  powdered  substance  with  the  dispersion  medium.  This 
suspension  is  then  passed  through  a  colloidal  mill  where  suspension  is  converted  into 
colloids.  The  colloidal  solutions  of  rubber,  ink,  paints  and  varnishes  are  prepared  by  this 
method. 

❖  Electrical  Dispersion  (Bredig’s  arc  method)  :  In  this  method  an  electric  arc  is  struck 
between  two  metallic  rods  and  kept  under  the  dispersion  medium.  The  particles  of  the  metal 
break  away  from  the  rods  and  disperse  in  the  liquid.  Colloidal  solutions  of  Au,  Pt,  Ag,  Cu  and 
such  other  metals  can  be  prepared  by  this  method. 

❖  Peptization  :  The  process  in  which  freshly  formed  precipitate  converts  into  a  sol  by  the 
addition  of  suitable  electrolyte  is  known  as  peptization. 

(a)  Added  electrolyte  is  known  as  peptizing  agent. 

(b)  The  peptization  action  is  due  to  preferential  adsorption  of  common  ion. 


■*  [Agl]  Ag":N03 


Ex. 


Agl+  AgN03 


ppt 

Agl+ 

pp( 

❖  Chemical  method : 

Double  decomposition  : 

Oxidation  : 

Reduction  : 

Hydrolysis  : 


Pe  prising  agent 

KI  - >  [Agl]  1“ :  K+ 

Peptising  agent 


AS2O3  +  3H2S 
2H2S  4-  SO  2 
2AuC13  +  3SnCl2 
FeCl3  +  3H20 


^  As2S3  +  3H20 

Yellow  sol 

*  2H20  +  3S 

Sol 

->  3SnCl4  +  2Au 

*  Sol 

■»  Fe(OH)3+  3HC1 

Red  sol 


5.  Purification  of  Colloidal  Solution  : 

Dialysis  :  The  process  of  separating  the  particles  of  colloid  from  those  of  crystalloid,  by 
means  of  diffusion  through  a  suitable  membrane  is  called  dialysis.  Its  principle  is  based  upon 
the  fact  that  colloidal  particles  can  not  pass  through  a  parchment  or  cellophane  membrane, 
while  the  ions  of  the  electrolyte  can  pass  through  it. 

❖  Electrodialysis  :  The  ordinary  process  of  dialysis  is  slow.  To  increase  the  process  of 
purification,  the  dialysis  is  carried  but  by  applying  electric  field.  This  process  is  called 
electrodialysis.  The  artificial  kidney  machine  works  on  the  principle  of  dialysis. 

6.  Properties  of  Colloidal  Solution  : 

(i)  Physical  Properties  : 

❖  Heterogeneity  :  Colloidal  solutions  are  heterogeneous  in  nature  consisting  of  two 
phases  viz,  the  dispersed  phase  and  the  dispersion  medium. 

❖  Filterability  :  Colloidal  particles  readily  pass  through  ordinary  filter  papers.  It  is  - 

because  the  size  of  the  pores  of  the  filter  paper  is  larger  than  that  of  the  colloidal 
particles.  - 

❖  Non-settling  nature  2  Colloidal  solutions  are  quite  stable  as  the  colloidal  particles 
remain  suspended  in  the  dispersion  medium  indefinitely.  Thus  there  is  no  effect  of  ^ 
gravity  on  the  colloidal  particles. 

❖  Colour  :  The  colour  of  the  colloidal  solution  is  not  always  the  same  as  the  colour  of  the 
substances  in  the  bulk.  The  colour  of  the  colloidal  solution  depends  upon  the  following 
factors  : 

(i)  Size  and  shape  of  colloidal  particles. 

(ii)  Wavelength  of  the  source  of  light. 

(iii)  Method  of  preparation  of  the  colloidal  solution. 

(iv)  Nature  of  the  colloidal  solution. 

(v)  The  way  an  observer  receives  the  light. 

❖  Stability  :  Colloidal  solutions  are  quite  stable.  Only  a  few  solutions  of  larger  particles 
may  settle  but  very  slowly. 


(ii)  Mechanical  Properties  : 

*  Brownian  movement :  It  involves  motion  of  colloidal  particles  in  zig-zag  paths.  It  is 
due  to  the  moving  molecules  of  the  dispersion  medium  which  are  constantly  colliding 
with  colloidal  particles. 

(i)  It  is  not  observed  in  ordinary  suspension. 

(ii)  It  offers  a  visible  proof  of  the  random  kinetic  motion  of  molecules  in  a  liquid. 

(iii)  It  provides  a  direct  demonstration  of  ceaseless  motion  of  molecule  as  postulated  by 
kinetic  theory. 

(iv)  It  provide  stability  to  colloidal  sol  by  not  allowing  them  to  settle  down. 

❖  Sedimentation  :  Under  the  influence  of  gravity,  colloids  tends  to  settle  down  very 
slowly.  This  phenomena  is  known  as  sedimentation.  It  can  be  accelerated  by 
ultracentrifugation. 

(iii)  Optical  properties  : 

*  Tyndall  Effect :  The  scattering  of  light  by  colloidal  particles  is  known  as  tyndall  effect. 
The  colloidal  particles  first  absorb  light  and  then  a  part  of  the  absorbed  light  is  scattered  from 
the  surface  of  the  colloidal  particles.  Maximum  scattered  intensity  is  being  in  a  plane  at  right  angles 
to  the  plane  of  incident  light.  The  path  becomes  visible  when  seen  from  that  direction. 

(iv)  Electrical  properties  :  Colloidal  particles  carry  an  electric  charge  which  is  equal  and 
opposite  to  dispersion  medium. 

*  Electrophoresis  :  The  movement  of  colloidal  particles  towards  a  particular  electrode 
in  an  electric  field  is  known  as  electrophoresis.  It  provides  information  about  the  nature 
of  the  electrical  charge  on  the  colloidal  particle. 

❖  Electro-osmosis  :  When  electrophoresis  of  dispersed  particles  in  a  colloidal  system  is 
prevented  by  suitable  means,  it  is  observed  that  the  dispersion  medium  itself  begins  to 
move  in  an  electric  field.  This  phenomenon  is  called  electro-osmosis. 

Electrical  charged  sols 


Positively  charged  sols 

Negatively  charged  sols 

H 

Ferric  hydroxide,  aluminium  hydroxide 

Metals  such  as  Pt,  Cu,  Au,  Ag,  Sb2,S3,  CdS  Metals 
sulphides,  e  g. ,  arsenius  sulphide 

2. 

Basic  dyes  such  as  methylene  blue 

Starch,  clay,  silicic  acid,  gum,  gelatin,  charcol 

3. 

Haemoglobin 

Acid  dyes,  such  as  eosin,  congo  Red 

❖  Electrical  double  layer  :  The  surface  of  a  colloidal  particle  acquires  a  positive  or  a 
negative  charge  by  selective  adsorption  of  ions  carrying  +ve  or-ve  charges  respectively.  The 
charged  layer  attracts  counter  ions  from  the  medium  which  forms  a  second  layer.  Thus,  an 
electrical  double  layer  is  formed  on  the  surface  of  the  particles. 


Selective  positive  adsorption  on  solid 
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[Agl]  r 

: 

K+ 

[Agl]  Ag+ 

: 

NO3 

[Fe(OH)3]  Fe3+  : 

3cr 

+  :  - 

Solid 

+  :  - 

+  :  - 

+  :  - 

Electro  kinetic  potential  s  The  potential  difference  between  the  fixed  charge  layer  and 
diffused  layer  of  opposite  charge  is  called  electro  kinetic  potential  or  zeta  potential. 

'•*  Coagulation  :  The  stability  of  the  colloidal  system  is  due  to  the  existence  of  charged 
particles.  If  the  charges  are  neutralised  or  destroyed,  then  the  colloidal  solution  gets 
precipitated.  This  is  called  Coagulation  or  Flocculation.  It  can  be  done  by 

(i)  adding  electrolyte 

(ii)  mutual  action  of  sols 

(iii)  persistent  dialysis 

(iv)  By  cooling 

{v)  By  electrophoresis 

Coagulation  value  :  The  minimum  concentration  of  the  electrolyte  required  in  millimoles  per 
litre  of  solution  to  cause  coagulation  or  flocculation  is  called  coagulation  value. 

Hardy  Schulze  Rule  :  According  to  this  rule  the  coagulating  power  of  the  active  ion  increases 
with  the  valency  of  the  active  ion. 

Coagulating  power  of  cations  :  Al3i  >  Ba2+  or  Mg2+  >  Na+  or  K+. 

Coagulating  power  of  anion  :  [Fe(CN)6]4“  >  PO^“  >  SO 4  >ci“ 

❖  Isoelectric  Point  of  Colloid  :  The  hydrogen  ion  concentration  at  which  the  colloidal 
particles  are  neither  positively  charged  nor  negatively  charged  (i.  e.,  uncharged)  is  known  as 
isoelectric  point  of  the  colloid. 

❖  Protective  colloids  :  In  presence  of  lyophilic  colloids  like  starch  no  coagulation  of 
lyophobic  colloids  takes  places  and  lyophilic  colloids  act  as  protective  colloids.  Greater 
protecting  power  of  a  lyophilic  colloid  lesser  would  be  gold  number. 

Gold  Number  :  It  is  define  as  the  minimum  amount  of  the  protective  colloid  in  milligrams 
which  must  be  added  to  10  mL  solution  of  standard  gold  sol,  which  prevents  coagulation  on  adding 
one  mL  of  10%  NaCl  solution. 

❖  Emulsions  :  An  emulsion  is  a  colloidal  solution  of  a  liquid.  It  may  be  defined  as  a 
heterogeneous  system  consisting  of  more  than  one  immiscible  liquids  dispersed  in  one 
another  in  the  form  of  droplets 

Oil  in  water  type  emulsion  (O/ IV)  :  In  this  emulsion,  oil  is  the  dispersed  phase  and  water  is 
the  dispersion  medium.  It  is  denoted  by  O/W  or  O  in  W.  For  example,  milk  (liquid  fat  dispersed  in 
water),  vanishing  cream,  etc. 

Water  in  oil  type  :  In  this  emulsion,  water  is  the  dispersed  phase  and  oil  is  the  dispersion 
medium.  It  is  denoted  by  W/O  or  W  in  O.  For  example,  butter,  cod  liver  oil,  cold  cream,  etc. 
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Distinction  between  Two  Types  of  Emulsions 

Dye  test :  It  involves  the  addition  of  oil  soluble  dye  to  the  emulsion  under  experiment.  If  the 
emulsion  acquires  the  colour  of  the  dye  readily,  it  is  water-in-oil  type  emulsion  and  it  the  emulsion 
remains  colourless,  it  is  oil-in-water  type  emulsion. 

Dilution  test  :  As  a  general  rule,  an  emulsion  can  be  diluted  with  the  dispersion  medium  _ 
while  the  addition  of  the  dispersed  phase  forms  a  separate  layer.  Thus,  if  an  emulsion  can  be  diluted 
with  oil,  it  is  water-in-oil  type. 

Preparation  of  emulsion  (Emulsification)  :  Emulsification  is  the  process  which  involves 
the  preparation  of  emulsion.  Generally,  an  emulsion  is  prepared  by  subjecting  a  mixture  of  the 
immiscible  liquid  to  a  distinct  layers  upon  standing.  This  substance  which  stabilizes  the  emulsion  is 
called  emulsifier  or  emulsifying  agent.  The  commonly  used  emulsifying  agents  are  soaps,  detergents 
and  lyophilic  colloids.  Casein. 

Function  of  emulsifier  :  The  main  function  of  emulsifier  or  emulsifying  agents  is  to  lower 
the  interfacial  tension  between  oil  and  water  and  thus  helps  the  intermixing  of  two  liquids. 

Demulsification  :  The  process  which  involves  the  breaking  of  an  emulsion  into  two  separate 
liquid  layers  is  called  demulsification. 

*  Gels  :  Colloidal  system  in  which  liquids  are  the  dispersed  phase  and  solid  act  as  the 

dispersion  medium  are  called  gels.  The  common  examples  are  :  boot  polishes,  jelly,  gum 

arabic,  agar  agar,  processed  cheese  and  silicic  acid. 

When  the  gels  are  allowed  to  stand  for  a  long  time,  they  give  out  small  quantities  of  trapped 
liquids  with  accumulate  on  its  surface.  This  action  of  gels  is  known  as  Synresis  or  Weeping. 

*  Uses  of  Colloids 

(i)  Medicines 

(ii)  Dyes 

(iii)  Rubber  industry 

(iv)  Formation  of  delta 

(v)  Purification  of  water 

(vi)  Artificial  rain 

(vii)  Smoke  precipitation 

(viii)  Sewage  disposal 

(ix)  Cleansing  action  of  soap  and  detergent 

(x)  In  Photography 


1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 


10. 


The  size  of  particles  in  suspension,  true  solution  and  colloidal  solution  varies  in  the  order 

(a)  suspension  >  colloidal  >  true  solution 

(b)  true  solution  >  suspension  >  colloidal 

(c)  suspension  >  colloidal  =  true  solution 

(d)  none  of  these 


A  colloidal  system  has  what  size  of  particles? 


(a)  10^m  to  10‘10m  (b) 

(c)  10"9m  to  10_12m  (d) 

Which  are  not  purely  surface  phenomena?  ' 

(a)  Adsorption,  surface  tension  (b) 

(c)  Adsorption,  viscosity  (d) 


10"5m  to  10“7m 
KT^m  to  10_9m 

Surface  tension,  viscosity 
Absorption,  viscosity 


Adsorbed  acetic  acid  on  activated  carbon  is  : 

(a)  adsorber  (b)  absorber 

(c)  adsorbent  (d)  adsorbate 

Adsorption  due  to  strong  chemical  forces  is  called  : 

(a)  Chemisorption  (b)  Physisoiption 

(c)  Both  (a)  and  (b)  (d)  None  of  these 

Adsorption  of  gases  on  solid  surface  is  exothermic  because  : 

(a)  free  energy  increases 

(b)  entropy  decreases 

(c)  entropy  increases 

(d)  interaction  developed  between  gas  and  solid  particles 
The  nature  of  bonding  forces  in  adsorption  are  : 

(a)  purely  physical  such  as  van  der  Waals’  forces 

(b)  purely  chemical 

(c)  both  chemical  and  physical  are  possible 

(d)  none  of  these 

Which  one  of  the  following  is  not  applicable  to  chemisorption? 

(a)  Heat  of  adsorption  is  negative  (b)  It  takes  place  at  high  temperature 

(c)  It  is  reversible  (d)  It  forms  mono-molecular  layer 

Which  one  of  the  following  characteristics  is  correct  for  physical  adsorption? 

(a)  It  is  very  specific 

Cb)  Adsorption  on  solids  is  irreversible 


(c)  Adsorption  decreases  with  decrease  in  temperature 

(d)  Generally  both  enthalpy  and  entropy  of  adsorption  are  negative 
Which  of  the  following  statement  is  not  correct? 

(a)  Physical  adsorption  is  due  to  vander  Waals’  forces 

(b)  Physical  adsorption  is  irreversible 


(c)  Chemical  adsorption  increases  with  increase  in  temperature  upto  certain  limit  than 
decreases 

(d)  Enthalpy  of  adsorption  (|  AH|)  for  a  chemical  adsorption  is  greater  than  that  of  physical 
adsorption 

11.  Which  gas  will  be  adsorbed  on  a  solid  to  greater  extent? 

(a)  Having  non-polar  molecule 

(b)  Having  highest  critical  temperature 

(c)  Having  lowest  critical  temperature 

(d)  Having  lowest  critical  pressure 

12.  Which  of  the  following  factors  affects  the  adsorption  of  a  gas  on  solid? 

•  (a)  Critical  temperature  (Tc)  (b)  Temperature  of  gas 

(c)  Pressure  of  gas  (d)  All  of  these 

13.  Which  gas  is  adsorbed  to  maximum  amount  by  activated  carbon? 

(a)  H2(g)  (b)  He(g)  (c)  CO(g)  (d)  C02(g) 

14.  The  volume  of  gases  NH3,  C02  and  H2  adsorbed  by  one  gram  of  charcoal  at  300  K  are  in  order 
of: 

(a)  H2  >C02  >NH3  (b)  NH3  >H2  >C02 

(c)  NH3  >  C02  >  H2  (d)  C02  >  NH3  >  H2 

15.  Which  of  the  following  is  used  to  adsorb  water? 

(a)  Silica  gel  (b)  Calcium  acetate 

(c)  Hair  gel  (d)  Anhydrous  CaCl2 

16.  Absorption  and  adsorptions  are  respectively: 

(a)  surface  phenomena,  bulk  phenomena 

(b)  bulk  phenomena,  surface  phenomena 

(c)  both  are  bulk  phenomena 

(d)  both  are  surface  phenomena  -v 

17.  Adsorption  is  multilayer  in  case  of: 

(a)  physical  adsorption  (b)  chemisorption 

(c)  both  (a)  and  (b)  (d)  none  of  these 

18.  Reversible  adsorption  is: 

(a)  chemical  adsorptioin  (b)  physical  adsorption 

(c)  both  (a)  and  (b)  (d)  none  of  these 

19.  The  effect  of  pressure  on  adsorption  is  high  if: 

(a)  temperature  is  low  Cb)  temperature  is  high 

(c)  temperature  is  very  high  (d)  larger  charcoal  piece  is  taken 

20.  Sorption  is  the  phenomenon: 

(a)  reverse  of  adsorption 

(b)  reverse  of  absorption 

(c)  when  adsorption  and  absorption  takes  place  simultaneously 

(d)  none  of  these 

21.  Which  of  the  following  adsorption  isotherms  represents  the  adsorption  of  a  gas  by  a  solid 
involving  multilayers  of  layers?  (Ps  =  saturation  pressure) 


slope  equal  to: 

(a)  -  (b)  n  (c)  log  K  (d)  K 

n 


23.  The  heat  evolved  in  chemisorption  lies  in  the  range  (in  kJ/mol)  of : 

(a)  80  to  240  (b)  20  to  40 

(c)  40  to  80  (d)  20  to  100 

24.  The  heat  evolved  in  physisorption  lies' in  the  range  (in  kJ/mol)  of : 

(a)  20-40  (b)  40-100 

(c)  100-200  (d)  200-400 

25.  According  to  the  adsorption  theory  of  catalysis,  the  speed  of  the  reaction  increases  because  : 

(a)  in  the  process  of  adsorption,  the  activation  energy  of  the  molecules  becomes  large 

(b)  adsorption  produces  heat  which  increases  the  speed  of  the  reaction 

(c)  adsorption  lowers  the  activation  energy  of  the  reaction 

(d)  adsorption  increases  the  activation  energy  of  the  reaction 

26.  3.6  gram  of  oxygen  is  adsorbed  on  1.2  g  of  metal  powder.  What  volume  of  oxygen  adsorbed 
per  gram  of  the  adsorbent  at  1  atm  and  273  K? 

(A)  0.19  Lg-1  '  (b)lLg-1 

(C)  2.1  Lg-1  (d)  None  of  these 

27.  A  catalytic  poison  renders  the  catalyst  ineffective  because: 

(a)  It  is  preferentially  adsorbed  on  the  catalyst 

(b)  It  adsorbs  the  molecules  of  the  reactants 

(c)  It  combines  chemically  with  the  catalyst 

(d)  It  combines  chemically  with  one  of  the  reactants 

28.  The  catalyst  used  in  the  hydrogenation  of  oils  is: 

(a)  Fe  (b)  Ni  (c)  Pt  (d)  V205 

29.  The  function  of  zymase  is  to: 

(a)  Change  starch  into  sugar 

(b)  Ferment  glucose  to  alcohol  and  CO  2 

(c)  Change  malt  sugar  into  glucose 

(d)  Change  starch  into  malt  sugar  and  dextrin 

30.  The  conversion  of  maltose  to  glucose  is  possible  by  the  enzyme: 

(a)  Zymase  (b)  Lactase 

(c)  Maltase  (d)  Diastase 

31.  Shape  selective  catalysis  is  a  reaction  catalysed  by: 

(a)  Enzymes  ,  (b)  Ziegler-Natta  Catalyst 

(c)  Zeolites  (d)  Platinum 
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32.  The  process  which  is  catalysed  by  one  of  the  product  is  called: 

(a)  acid-base  catalysis  (b)  autocatalysis 

(c)  negative  catalysis  (d)  homogeneous  catalysis 

33.  An  inhibitor  is  essentially: 

(a)  a  negative  catalyst  (b)  a  heterogeneous  catalyst 

(c)  an  auto  catalyst  (d)  a  homogeneous  catalyst 

34.  A  catalyst  in  the  finely  divided  form  is  most  effective  because: 

(a)  less  surface  area  is  available 

(b)  more  active  sites  are  formed 

(c)  more  energy  gets  stored  in  the  catalyst 

(d)  none  of  these 

35.  Identify  the  correct  statement  regarding  enzymes: 

(a)  Enzymes  are  specific  biological  catalysts  that  normally  works  at  high  temperature 

(b)  Enzymes  are  normally  heterogeneous  catalysts  decreases  reaction  rate 

(c)  Enzymes  are  specific  biological  catalysts  with  low  molar  masses 

(d)  Enzymes  are  specific  biological  catalysts  that  are  very  specific  in  nature 

36.  A  liquid  leaves  no  residue  when  passed  through  the  ultra-filter  paper.  The  liquid  is: 

(a)  a  suspension  (b)  oil  (c)  a  colloidal  sol  (d)  a  true  solution 

37.  Crystalloids  differ  from  colloids  mainly  in  respect  of : 

(a)  Electrical  behaviour  (b)  Particle  nature 

(c)  Particle  size  (d)  Solubility 

38.  Surface  tension  of  lyophilic  sols  is: 

(a)  lower  than  water  (b)  more  than  water 

(c)  equal  to  water  (d)  none  of  these 

39.  Which  one  of  the  following  is  not  used  for  preparing  lyophilic  sols? 

(a)  Starch  (b)  Gum 

(c)  Gelatin  (d)  Metal  sulphide 

40.  Which  one  of  the  sols  acts  as  protective  colloid? 

(a)  As2S3  (b)  Gelatin  (c)  Au  (d)  Fe(OH)3 

41.  Which  one  of  the  following  is  lyophilic  colloid? 

(a)  Pt  (b)  Gum  (c)  Fog  (d)  Blood 

42.  Small  liquid  droplets  dispersed  in  another  liquid  is  called: 

(a)  suspension  (b)  emulsion 

(c)  gel  (d)  true  solution 

43.  Which  of  the  following  is  an  example  of  associated  colloid? 

(a)  Protein  in  water  (b)  Soap  in  water 

(c)  Rubber  in  benzene  (d)  FeCl3  inH20 

44.  Select  the  properties  which  are  for  lyophilic  colloidal  sols: 

(a)  viscosity  same  as  that  of  the  medium 

(b)  extensive  hydration  takes  place 

(c)  particles  migrate  either  towards  cathode  or  anode  in  an  electric  field 

(d)  particle  cannot  be  detected  even  under  ultramicroscope 

45.  Fog  is  an  example  of  colloidal  system  of: 

(a)  liquid  in  a  gas  (b)  gas  in  a  liquid 

(c)  gas  in  a  solid  (d)  solid  in  a  liquid 


(d)  Blood 
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46.  Colloidal  solutions  are  not  classified  on  the  basis  of : 

(a)  molecular  size 

(b)  nature  of  the  particles 

(c)  surface  tension  value 

(d)  interaction  between  disperse  phase  and  dispersion  medium 

47.  All  colloids: 

(a)  are  suspensions  of  one  phase  in  another 

(b)  are  two-phase  systems 

(c)  contain  only  water-soluble  particles 

(d)  are  true  solutions 

48.  Which  of  the  following  is  a  lyophobic  colloid? 

(a)  Gelatin  (b)  Sulphur 

(c)  Starch  (d)  Gum  arabic 

49.  Which  of  the  following  is  not  a  gel? 

(a)  Cheese  (b)  Jellies  (c)  Curd  (d)  Milk 

50.  Cleaning  action  of  soap  occurs  because: 

(a)  non-polar  tails  of  soap  molecules  dissolve  in  grease 

(b)  oil  and  grease  dissolved  into  hydrophilic  centres  of  soap  micelles  acid  washed  away 

(c)  hydrophilic  head  dissolve  in  grease 

(d)  grease  dissolve  in  soap  solution 

51.  Arsenous  sulphide  sol  is  prepared  by  passing  H2S  through  arsenous  oxide  solution.  The  charge 
developed  on  the  particles  is  due  to  adsorption  of: 

(a)  H+  (b)  S2_  (c)  OH-  (d)  O2" 

52.  Bredig’s  arc  method  cannot  be  used  for  the  preparation  of  colloidal  sol  of : 

(a)  copper  (b)  gold  (c)  silver  (d)  sodium 

53.  As2S3  sol  is: 

(a)  positive  colloid  (b)  negative  colloid 

(c)  neutral  colloid  '  (d)  none  of  the  above 

54.  Which  of  the  following  electrolyte  will  be  most  effective  in  coagulation  of  negative  sol  ? 

(A)  KN03  (b)  K4[Fe(CN)6] 

(C)  Na3P04  (d)  MgCl2 

55.  The  minimum  amount  of  an  electrolyte  required  to  cause  coagulation  of  a  sol  is  called  : 

(a)  Coagulation  value  (b)  Gold  number 

(c)  Protective  value  (d)  None  of  these 

56.  The  electrical  charge  on  a  colloidal  particle  is  indicated  by: 

(a)  Brownian  movement  (b)  electrophoresis 

(c)  ultramicroscope  (d)  molecular  sieves 

57.  Colloidal  particles  in  a  sol  can  be  coagulated  by  : 

(a)  heating  (b)  adding  an  electrolyte 

(c)  adding  oppositely  charged  sol  (d)  any  of  the  above  methods 

58.  Peptization  involves: 

(a)  precipitation  of  colloidal  particles 

(b)  disintegration  of  colloidal  aggregates 

(c)  purification  of  colloids 

(d)  impact  of  molecules  of  the  dispersion  medium  on  the  colloidal  particles 


59.  Hardy-Schulze  law  states  that: 

(a)  solution  must  have  higher  gold  number 

(b)  disperse  phase  and  dispersion  medium  must  be  of  the  same  sign 

(c)  micelles  coagulate  in  presence  of  surfactants 

(d)  the  ions  carrying  more  opposite  charge  to  that  of  sol  particle  are  effective  in  coagulation 

60.  Given  below  are  a  few  electrolytes,  indicate  which  one  among  them  will  bring  about  the 
coagulation  of  a  gold  sol  quickest  and  in  the  least  of  concentration? 

(a)  NaCl  (b)  MgS04 

(C)  A12(S04)3  (d)  K4[Fe(CN)6] 

61.  The  ability  of  an  ion  to  bring  about  coagulation  of  a  given  colloid  depends  upon: 

(a)  its  size 

(b)  the  magnitude  of  its  charge  only 

(c)  the  sign  of  its  charge  alone 

(d)  both  magnitude  and  sign  of  its  charge 

62.  An  emulsifying  agent  is  a  substance  which? 

(a)  Stabilizes  the  emulsion 

(b)  De-stabilizes  the  emulsion 

(c)  Coagulates  the  emulsion 

(d)  Break  the  interfacial  film  between  suspended  particle  and  medium 

63.  Colloidal  solution  of  gold  is  prepared  by: 

(a)  colloidal  mill 

(b)  double  decomposition  method 

(c)  Bredig’s  method 

(d)  peptization 

64.  The  formation  of  colloid  from  suspension  is: 

(a)  peptisation  (b)  condensation 

(c)  sedimentation  (d)  fragmentation 

65.  The  method  usually  employed  for  the  destruction  of  a  colloidal  solution  is: 

(a)  dialysis  (b)  addition  of  electrolytes 

(c)  diffusion  through  animal  membrane  (d)  condensation 

66.  Which  of  the  following  has  minimum  flocculation  value  for  positively  charged  sol? 

(A)  Cl"  (b)  S04“ 

(C)  P04"  (d)  [Fe(CN)6]4- 

67.  Which  of  the  following  will  have  the  highest  coagulating  power  for  Fe(OH)3  colloid? 

(a)  PO%  (b)  SO*-  (c)  Ca21-  (d)  Ap 

68.  Artifical  rain  is  caused  by  spraying: 

(a)  Opposite  charged  collidal  dust  over  a  cloud 

(b)  Same  charged  collidal  dust  over  a  cloud 

(c)  Both 

(d)  None  of  these 

69.  Colloids  can  be  purified  by  : 

(a)  condensation  (b)  peptization 

(c)  coagulation  (d)'  dialysis 


70.  Dialysis  can  seperate,  which  of  the  following  in  addition  to  the  glucose  from  the  human  blood? 

(a)  Sucrose  (b)  Fructose 

(c)  Alcohol  (d)  Proteins 

71.  Protective  sols  are: 

(a)  lyophilic  (b)  lyophobic 

(c)  both  (a)  and  (b)  (d)  none  of  these 

72.  Electro-osmosis  is  observed  when: 

(a)  dispersion  medium  particles  begins  to  move  in  an  electric  field 

(b)  dispersed  phase  begins  to  move  in  an  electric  field 

(c)  both  (a)  and  (b) 

(d)  none  of  the  above 

73.  On  adding  AgN03  solution  into  K3  solution,  a  negatively  charged  colloidal  sol  is  obtained 
when  they  are  in: 

(a)  50  mL  of  0.1  M  AgN03  +  50  mL  of  0.1  M  KI 

(b)  50  mL  of  0. 1 M  AgN03  +  50  mL  of  0.2  M  KI 

(c)  50mLof  0.2M  AgN03  +  50mLof  0.1M  KI 

(d)  None  of  these 

74.  A  sol  is  prepared  by  addition  of  excess  of  AgN03  solution  in  KI  solution.  The  charge  likely  to 
develop  on  colloidal  panicles  is: 

(a)  positive  (b)  negative 

(c)  no  charge  (d)  both  charges 

75.  The  gold  numbers  of  protective  colloids  A,  B,  C  and  D  are  0.04,  0.004,  10  and  40  respectively. 

The  protective  powers  of  A,  B,  C  and  D  are  in  the  order: 

(A)  A  >B>C  >D  (b)  B>  A>C  >  D 

(C)  D>C>A>B  (d)  D>C  >B>  A 

76.  In  Brownian  motion,  the  paths  of  the  particles  are: 

(a)  linear  (b)  curved 

(c)  zig-zag  (d)  uncertain 

77.  Which  one  of  the  following  is  not  represented  by  sols? 

(a)  Adsorption  (b)  Tyndall  effect 

(c)  Flocculation  (d)  Paramagnetism 

78.  The  Tyndall  effect  associated  with  colloidal  particles  is  due  to: 


(a)  presence  of  electrical  charges  (b)  scattering  of  light 

(c)  absorption  of  light  (d)  reflection  of  light 

79.  Blue  colour  of  the'  sky  is  due  to: 

(a)  absorption  of  light  by  dust  particles  (b)  reflection  of  light  by  dust  particles 
(c)  scattering  of  light  by  dust  particles  (d)  presence  of  clouds 

80.  The  apparatus  used  to  coagulate  carbon  particles  from  smoke  is  called: 

(a)  cottrel  smoker  (b)  cottrell.  precipitator 

(c)  cottrell  absorber  (d)  none  of  these 


1.  Select  correct  adsorption  isobars  for  chemisorption  and  physisorption  respectively  : 

x 

(where  —  =  extent  of  adsorption,  T  =  temperature) 
m 


T  T  T  T 


2.  Which  among  the  following  statements  is  false? 

(a)  Increase  of  pressure  increases  the  amount  of  adsorption 

(b)  Increase  of  temperature  may  decrease  the  amount  of  adsorption 

(c)  Adsorption  may  be  monolayered  or  multilayered  . 

(d)  Particle  size  of  the  adsorbent  will  not  affect  the  amount  of  adsorption 

3.  Select  incorrect  statement; 

(a)  Lyophilic  sols  are  reversible 

(b)  Lyophilic  sols  are  self  stabilized 

(c)  Lyophobic  sols  are  obtained  from  inorganic  materials 

(d)  Lyophobic  sols  particles  are  hydrated 

4.  Which  one  of  the  following  statements  is  not  correct  in  respect  of  lyophilic  sols? 

(a)  There  is  a  considerable  interaction  between  the  dispersed  phase  and  dispersion  medium 

(b)  These  are  quite  stable  and  are  not  easily  coagulated 

(c)  They  carry  charge 

(d)  The  panicles  are  hydrated 

5.  Alums  purify  muddy  water  by: 

(a)  dialysis  (b)  absorption  (c)  coagulation  (d)  ultrafiltration 

6.  Lyophilic  sols  are  more  stable  than  lyophobic  sols  because: 

(a)  the  colloidal  particles  have  positive  charge 

(b)  the  colloidal  particles  have  negative  charge 

(c)  the  colloidal  particles  are  solvated 

(d)  there  is  strong  electrostatic  repulsion  between  the  colloidal  particles 

7.  Arrange  the  following  electrolytes  in  the  increasing  order  of  coagulation  power  for  the 
coagulation  of  As2S3  sol: 

K2S04  CaCl,  Na3P04  A1C1, 

m  on  am  (iv) 


(a)  I  <  II  <  III  <  IV  (b)  I  =  III  <  II  <  IV 

(C)  II  <  IV  <  I  <  II  (d)  II  <  III  <  IV  <  I 

8.  Equal  volume  each  of  two  sols  of  Agl,  one  obtained  by  adding  AgN03  to  slight  excess  of  KI  and'  * 
another  obtained  by  adding  KI  to  slight  excess  of  AgN03,  are  mixed  together.  Then: 

(a)  the  two  sols  will  stabilize  each  other  . 

(b)  the  sol  particles  will  acquire  more  electric  charge 

(c)  the  sols  will  coagulate  each  other  mutually 

(d)  a  true  solution  will  be  obtained 

9.  Which  of  the  following  statements  is  not  true  about  the  oil-in-water  type  emulsion? 

(a)  Addition  of  small  amount  of  water,  no  separate  layer  of  water  is  formed 

(b)  Addition  of  a  small  amount  of  oil  soluble  dye  renders  the  entire  emulsion  coloured 

(c)  Addition  of  oil  results  in  the  formation  of  two  layers 

(d)  Addition  of  a  small  amount  of  an  electrolyte  increases  the  conductivity  of  the  emulsion 

10.  Under  the  influence  of  an  electric  field,  the  particles  in  a  sol  migrate  towards  cathode.  The 
coagulation  of  the  same  sol  is  studied  using  NaCl,  Na2S04  and  Na3P04  solutions.  Their 
coagulating  values  will  be  in  maximum  for: 

(a)  NaCl  (b)  Na2S04  (c)  Na3P04  (d)  same  for  all 

11.  Select  incorrect  statement: 

(a)  Micelles  are  macromolecular  colloids 

(b)  The  electrical  charge  on  a  colloid  particle  is  indicated  by  electrophoresis 

(c)  Formation  of  micelles  takes  place  above  kraft  temperature 

(d)  Formation  of  micelles  takes  place  below  CMC 

12.  Bredig’s  arc  method  involves: 

(a)  dispersion  of  metal  (b)  condensation  of  metal 

(c)  dispersion  as  well  as  condensation  (d)  neither  dispersion  nor  condensation 

13.  A  freshly  prepared  Fe(OH)3  precipitate  is  peptized  by  adding  FeCl3  solution.  The  charge  on 
the  colloidal  particle  is  due  to  preferential  adsorption  of: 

(a)  Cl“  ions  (b)  Fe^  ions  (c)  OH"  ions  (d)  none  of  these 

14.  Select  incorrect  statement : 

(a)  Gold  sol  is  multimolecular  colloid 

(b)  Large  number  of  atoms  of  a  substance  aggregate  together  and  formed  multimolecular 
colloids 

(c)  Metal  sulphides  are  lyophobic  colloids 

(d)  Sulphur  sol  is  multimolecular  colloid  and  hydrophilic  in  nature 

15.  Associated  colloids  : 

(a)  raise  both  the  surface  tension  and  viscosity  of  water 

(b)  lower  both  the  surface  tension  and  viscosity  of  water 

(c)  lower  the  surface  tension  and  raise  the  viscosity  of  water 

(d)  have  greater  concentration  at  the  surface  layer  than  the  bulk  of  the  solution 

16.  Below  critical  micelle  concentration  (CMC): 

(a)  the  surfactant  molecules  of  ions  undergo  association  to  form  clusters 

(b)  the  viscosity  of  solution  increases  abruptly 

(c)  substances  like  grease,  fat,  etc.  dissolve  colloidally 

(d)  salt  behave  as  normal,  strong  electrolyte 
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17.  During  electro-osmosis  of  Fe(OH)3  sol: 

(a)  sol  particles  move  towards  anode 

(b)  sol  particles  move  towards  cathode 

(c)  the  dispersion  medium  moves  towards  anode 

(d)  the  dispersion  medium  moves  towards  cathode 

18.  Select  incorrect  statement: 

(a)  Soap  and  detergent  lower  the  interfacial  surface  tension  between  oil  and  water 

(b)  Basic  principle  of  peptization  is  reverse  of  coagulation 

(c)  Soap  and  detergent  used  as  emulsifiers 

(d)  Lyophilic  sols  need  stabilizing  agent 

19.  Smoke  precipitator  works  on  the  principle  of : 

(a)  centrifugation  (b)  neutralization  of  charge  on  colloids 

(c)  absorption  (d)  addition  of  electrolytes 

20.  What  is  the  correct  sequence  of  the  increasing  coagulation  value  of  the  following  electrolyte 
for  the  coagulation  of  ferric  hydroxide  solution? 

(I)  Na3P04  (II)  KC1  (III)  K2S04  (IV)  K4(Fe(CN)6] 

(a)  IV  >  I  >  III  >  II  (b)  II  >  III  >  I  >  IV  (c)  I  >  II  >  III  >  IV  (d)  IV  >  III  >  II  >  I 

21.  Which  of  the  following  is  true  in  respect  of  chemical  adsorption? 

(a)  AH  < 0,  AS  > 0,  AG  > 0  (b)  AH  <0,  AS  <0,  AG  <0 

(c)  AH>0,  AS>0,  AG<0  (d)  AH  >0,  AS  <0,  AG  >  0 

22.  For  the  graph  below,  select  correct  order  of  temperature? 


(a)  7,  >72  >73  (b)  T2  > T3  >7j  (c)  73  > 72  >7j  (d)  7,  =72=73 

23.  Although,  nitrogen  does  not  adsorb  on  a  surface  at  room  temperature,  it  adsorbs  on  the 
surface  at  83  K.  Which  one  of  the  following  statements  is  correct  ? 

(a)  At  83  K,  there  is  formation  of  monolayer 

(b)  At  83  K,  nitrogen  is  adsorbed  as  atoms 

(c)  At  83  K,  nitrogen  molecules  are  held  by  chemical  bonds 

.  (d)  At  83  K,  there  is  formation  of  multimolecular  layers 

24.  For  the  coagulation  of  50  ml  of  ferric  hydroxide  sol.  10  ml  of  0.5  M  KC1  is  required.  What  is  the 
coagulation  value  of  KC1? 

(a)  5  (b)  10  (c)  100  (d)  None  of  these 

25.  100  mL  of  0.6  M  acetic  acid  is  shaken  with  2  g  activated  carbon.  The  final  concentration  of  the 
solution  after  adsorption  is  0.5  M.  What  is  the  amount  of  acetic  acid  adsorbed  per  gram  of 
carbon? 

(a)  0.6  g  (b)  0.3  g  (c)  1.2  g  (d)  None  of  these 
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f  No.  of  absorbed  molecules  of 

.  ,  H2  =  3  x  10"^  x  6  x  1023 

=>  18  xlO17 

Total  no.  of  surface  sites  available 
=  54  xlO16  x  1000 


30.  CM  Final  volume  of  gas,  at  608  torr  pressure 


760x1 

608 


5l4  x  1019  cm2 


No.  of  surface  sites  that  is  occupied  by 
adsorption  of 


H2=—  xS4x1019 
2  100 

5.4  x  1018 


No.  of  surface  sites  occupied  by  one 
molecule 


H2  = 


54  x  1018 
18  xlO17 


=  3 


\ 


=>  1.25  or  V2  =  1250  mL 

Volume  occupied  by  gas  =  Volume  of  vessel 

-Volume  occupied  by  charcoal 
16 

=  1000 - =  990  mL 

1.6 

Difference  of  volume  is  due  to  adsorption  of 
gas  by  charcoal. 

.-.  Volume  of  gas  adsorbed  by  charcoal 
=  1250-990 

=>  260  mL  ...... 

Volume  of  the  gas  adsorbed  per  gram  of 
charcoal  ,  - 

=  —  =  16.25  mL/g  at  608  torr  and  27  °C. 
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Hints  ana  Solutions 


Level  1 


3  6 

26.  (c)  Mass  of  02  per  gram  of  adsorbent  -  yy  =  3 


No.  of  moles  of  02  per  gram  of  adsorbent 
_  _3^ 

~~  32 


Volume  of  02  per  gram  of  adsorbent 
3  0.0821  x273 

=  —  x - 

32  1 

—  2.10 


67.  (a)  Fe(OH)3  is  a  positive  sol.  Hence,  greater  the 
charge  on  cation,  more  is  the  coagulation 
power. 

75.  (b)  Smaller  is  the  ‘gold  number*  of  protective 
colloid,  greater  is  its  protective  power. 


Level  2  _  i 

8.  (c)  The  sols  obtained  in  the  two  cases  will  be 
oppositely  charged  so  coagulate  each  other. 

10.  (a)  The  sol  particles  migrate  towards  cathode. 
So  they  are  positively  charged.  Hence, 
anions  would  be  effective  in  coagulation. 
Greater  is  the  valence  of  effective  ion, 
smaller  will  be  its  coagulating  value. 

17.  (c)  In  electro-osmosis,  the  sol  particles  are 
prevented  from  migration  whereas  the 
dispersion  medium  migrates  in  the  direction 
opposite  to  those  of  particles.  Here,  the 
medium  is  negatively  charged. 

24.  (c)  Coagulation  value 


Number  of  millimoles  of 

_  electrolyte  required 

Volume  of  colloidal  solution  (in  litre) 
10x0.5 


50 


-x!000  =  100 


25.  (b)  Mass  of  acetic  acid  adsorbed  by  2  g  charcoal 
=  100  x  10“3  x  (0.6  -  0.5)  x  60 


-  ,  x  0,6 

0.6;  — ■  = - =>  0.3 

m  2 


26.  (c)  No.  of  sodium  lauryi  sulphate 
(CH3(CH2)11S04Na+)in  1  litre  solution 

=  10"3  X6X1023 
=  6  x  102° 


No.  of  sodium  lauryi  sulphate  per 
mm3  =  6  xlO14 

No.  of  colloidal  particles  per  mm3  =  1013 
No.  of  molecular  per  colloidal  particle 

6xl014 
1013 
=  60 

44 

27.  (a)  Total  surface  area  of  carbon  =  —  xlO7  cm2 

7 

r  =  10^  cm 

Surface  area  of  NH3  =  nr2 

„2 


=  —  x  10-16 
7 


cm 


No.  of  NHo  molecules  adsorbed  =  — ^ 


“xlO2 


—  xlO'16 
7 


Vol.  of  NHo  adsorbed  at  STP  = 


=  2  xlO23 


2x10 


23 


x  22.4 


6  xlO23 
.  =  7.46  L 

28.  (a)  No.  of  molecules  per  gram  of  N2  in 


monolayer 


6  xlO23 


x  1.30 


22,400 
=  3.48  x  1019 

Cross-sectional  area  of  a  molecule 
=  1.6  xlO"19  m2 

Area  covered  by  molecules  per  gram 
=  3.48  x  1019  x  1.6  x  10"19  =  5.568  m2 
Surface  area  =  5.568  n^g”1 

29.  (c)  Adsorbed  moles  of  H2  =  0  03  x  2  46  *  J0~3 

2  0.0821  x  300 


One  or  More  Answers  is/are  Correct 


1.  (M)  2.  <b,c,d> 

3.  (a,c)< 

4.  (a,b,c) 

5. 

(a,c)  6. 

'(b.c.d) 

7.  (a,b)  8. 

(b,c) 

9.  (a,b)  10.  (a,b) 

11.  (arb,c,d) 

12.  '  (a,b) 

13. 

(a,b,d>  14. 

(arbfc) 

15.  (a,b,c,d)  16. 

(b,c) 

17.  (b,c)  18.  (b,c) 

19.  (C) 

20.  (a,d) 

21. 

(b,c,d)  22. 

(a,c) 

23.  (a,c)  24. 

(a,b,crd) 

25.  (a,b,c,d) 

Match  the  Column 

■ 

1.  A->  P,  S  ; 

Bh>  P; 

C— >  Q,  R  ; 

D->  Q 

2.  A-»  Q  ; 

B->  P; 

C->  R ; 

D-»  S 

3.  A-»  Q ; 

P; 

C->  R ; 

D->  S 

4.  A--»  R ; 

B-*  P  ; 

C-»  S  ; 

D->  Q 

5.  A-*  P,  R  ; 

B-*  P,  R ; 

C->  Q ; 

D->  S 

6.  A  ->  R ; 

B— >  P  ; 

C->  Q ; 

D->  S 

7.  A->  P ; 

B->  Q; 

C— »  Q,  S  ; 

D->  P,  R 
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i,a2S.  STATEMENT-1  :  Gold  sol  is  multimolecular  and  hydrophobic  in  nature. 
STATEMENT-2  :  Gold  sol  is  prepared  by  Bredig’s  arc  method. 

tiS(' 


SUBJECTIVE  [PROBLEMS^ 


in 


1.  How  many  colloidal  systems  exist  in  nature  ? 

l0^  2.  How  many  colloidal  systems  exist  in  nature  in  which  liquid  is  dispersed  phase  ? 

H  3*  How  many  colloidal  systems  exist  in  nature  in  which  gas  is  dispersed  phase  ? 

^  4.  What  is  the  minimum  diameter  (in  nm)  of  colloidal  particles  ? 

5.  For  soaps  critical  micelle  concentration  (CMC)  is  10~x  (min. )  to  10~y  (max. )  mol/L.  What  is 
the  value  of  x  ? 


11.  STATEMENT- 1  :  When  Sn02  is  reacted  with  NaOH,  then  its  sol  particles  are  attra&ed 

towards  cathode. 

STATEMENT-2  :  When  Sn02  is  reacted  with  NaOH,  then  it  gives  SnO^"  which  is  adsorbed 
by  Sn02,  so  it  is  negatively  charged  sol. 

12.  STATEMENT-1  :  For  coagulation  of  positively  charged  sols,  [Fe(CN)6]4~  ion  has  higher 

coagulating  power  than  that  of  PO^“,  SO4",  Cl" . 

STATEMENT-2  :  Because  according  to  Hardy  Schulze  rule,  higher  is  the  valency  of  ions  for 
the  oppositely  charged  sol  particles,  better  will  be  the  precipitation. 

13.  STATEMENT- 1  :  Dispersed  phase  particles  of  colloidal  solution  cannot  pass  through 

ultra-filter  paper. 

STATEMENT-2  :  The  size  of  colloidal  particles  are  larger  than  the  size  of  true  solution 
particles. 

14.  STATEMENT- 1  :  When  a  finely  divided  active  carbon  is  stirred  into  a  dilute  solution  of  a  dye, 

the  intensity  of  colour  in  the  solution  is  decreased. 

STATEMENT-2  2  The  dye  is  adsorbed  on  the  solid  surface. 

15.  STATEMENT-1  :  Silica  gel  is  used  for  drying  air. 

STATEMENT-2  :  Silica  gel  adsorbs  moisture  from  air. 

16.  STATEMENT- 1  2  ZSM-5  is  a  type  of  zeolites  used  as  a  ca  talyst  in  petrochemical  industries. 
STATEMENT-2  2  Zeolites  are  microporous  aluminosilicates  three  dimensional  network 

silicates  in  which  some  silicon  atoms  are  replaced  by  aluminium  atoms. 

17.  STATEMENT-1  :  Lyophilic  colloids  are  called  as  reversible  sols. 

STATEMENT-2  :  Lyophilic  sols  are  extensively  hydrated. 

18.  STATEMENT-1  :  A  catalyst  is  more  effective  in  finely  divided  form. 

STATEMENT-2  :  Finely  divided  form  has  more  surface  area. 

19.  STATEMENT-1  :  Sky  appears  blue  in  colour. 

STATEMENT-2  :  Colloidal  particles  of  dust  along  with  water  suspended  in  air  scatter  blue 
light. 

20.  STATEMENT-1  :  The  conversion  of  fresh  precipitate  to  colloidal  state  is  called  peptization. 
STATEMENT-2  :  It  is  caused  by  addition  of  common  ions. 

21.  STATEMENT-1  :  Colloidal  solutions  are  stable  but  colloidal  particles  do  not  settle  down, 
STATEMENT-2  :  Brownian  movement  counters  the  force  of  gravity  act  on  colloidal  particles. 

22.  STATEMENT-1  :  A  colloid  gets  coagulated  by  addition  of  an  electrolyte. 

STATEMENT-2  2  Coagulation  depends  on  the  valance  and  sign  of  the  charge  of  the 

coagulant  ion. 

23.  STATEMENT- 1  :  Suspensions  are  visible  to  naked  eye. 

STATEMENT- 1  :  Size  of  suspension  particles  are  smaller  than  collidal  particles. 

24.  STATEMENT-1  :  At  pH  of  isoelectric  point,  the  sol  particles  of  amino  acids  neither  move 

towards  anode  nor  towards  cathode. 

STATEMENT-2  2  Because  at  the  isoelectric  point,  the  concentration  of  conjugate  base  and 
conjugate  acid  of  the  Zwitter  ions  becomes  equal  and  so  one’s  charge  is 
counterbalanced  by  other. 


■SURFACt  CKEMiSTRVI 


(  ASSERTION-REASON  TYPE  QUESTIONS 

Each  questions  contains  STATEMENT- 1  (Assertion)  and  STATEMENT-2  (Reason). 

Examine  the  statement  carefully  and  mark  the.  correct  answer  according  to  the  instructions 
given  below: 

(A)  If  both  the  statement  are  TRUE  and  STATEMENT-2  is  the  correct  explanation  of 
STATEMENT- 1 

(B)  If  both  the  statements  are  TRUE  and  STATEMENT-2  is  NOT  the  correct  explanation  of 
STATEMENT- 1 

(C)  If  STATEMENT- 1  is  TRUE  and  STATEMENT-2  is  FALSE 

(D)  If  STATEMENT-1  is  FALSE  and  STATEMENT-2  is  TRUE 

1.  STATEMENT-1  :  For  adsorption  AG,  AH,  AS  all  have  -ve  values. 

STATEMENT-2  :  Adsorption  is  a  exothermic  process  in  which  randomness  decreases  due  to 
force  of  attraction  between  adsorbent  and  adsorbate. 

2.  STATEMENT-1  :  The  extent  of  adsorption  of  C02  is  much  more  higher  than  of  H2. 
STATEMENT-2  :  C02(g)  has  higher  critical  temperature  and  more  van  der  Waals’  force  of 

attraction  as  compare  to  H2(g). 

3.  STATEMENT- 1  :  In  absorption,  the  molecules  of  a  substance  are  uniformly  distributed 

throughout  the  body  of  other  substance. 

STATEMENT-2  :  In  some  cases,  both  absorption  and  adsorption  takes  place  simultaneously. 

4.  STATEMENT- 1  :  More  heat  evolved  in  physisorption  than  in  chemisorption. 
STATEMENT-2  :  Molecules  of  adsorbate  and  adsorbent  are  held  by  van  der  Waals’  forces  in 

physisorption  and  by  chemical  bonds  in  chemisorption. 

5.  STATEMENT-1  :  Colloidal  solution  is  electrically  neutral. 

STATEMENT-2  :  Due  to  similar  nature  of  the  charge  carried  by  the  particles,  they  repel  each 
other  and  do  not  combine  to  form  bigger  particles. 

6.  STATEMENT-1  :  Soap  and  detergent  are  macro-molecular  colloids. 

STATEMENT-2  :  Soap  and  detergent  are  molecules  of  large  size. 

7.  STATEMENT-1  :  Micelles  are  formed  by  surfactant  molecules  above  the  critical  micelle 

concentration  (CMC). 

STATEMENT- 2  :  The  conductivity  of  a  solution  having  surfactant  molecules  decrease 
sharply  at  the  CMC 

8.  STATEMENT-1  :  The  micelle  formed  by  sodium  stearate  in  water  has  — COO"  groups  at  the 

surface. 

STATEMENT-2  :  Surface  tension  of  water  is  reduced  by  the  addition  of  stearate. 

9.  STATEMENT-1  :  Protein,  starch  are  lyophilic  colloids. 

STATEMENT-2  :  They  have  strong  interaction  with  the  dispersion  medium. 

10.  STATEMENT-1  :  Colloidal  Agl  is  prepared  by  adding  KI  in  slight  excess  to  AgN03  solution, 
the  sol  particles  migrate  toward  cathode  under  electric  field. 
STATEMENT-2  :  Colloidal  particles  adsorb  ions  and  thus  becomes  electrically  neutral. 


Column-I 

(A)  Liquid  dispersed  in  gas 

(B)  Gas  dispersed  in  liquid 

(C)  Liquid  dispersed  in  solid 

(D)  Liquid  dispersed  in  liquid 


Column-I 


(A)  As2S3  sol 

(B)  Sulphur  sol 

(C)  Starch 

(D)  Soap 


[  Column-I 

(A)  Coagulation 

(B)  Electrophoresis 

(C)  Tyndall  effect 

(D)  Brownian 
movement 

r  Column-I 

(A)  Peptization 

(B)  Ultra  centrifugation 

(C)  Electrodialysis 

(D)  Bredig’s  arc  method 


j  [  Column-II 

(P)  Foam 

(Q)  Emulsion 

(R)  Aerosol 

(S)  Gel 

]  [  """  Column-II 

(P)  Lyophobic  colloid 

(Q)  Macromolecular  colloid 

(R)  Multimolecular  colloid 
,  (S)  Associated  colloid 

|  [  Column-II 

(P)  Due  to  presence  of  charge 

(Q)  Due  to  scattering  of  light 

(R)  Due  to  neutralization  of  charge 

(S)  Due  to  impact  of  the  molecules  of  the  dis¬ 
persion  medium  with  colloidal  particles 

i  Column-II 

(P)  Preparation  of  sols 

(Q)  Purification  of  sols 

(R)  Preparation  of  metal  sols 

(S)  Movement  of  ions  across  the  membrane  in 
presence  of  electric  field 
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24.  Select  correct  statement(s) 

(a)  The  role  of  a  catalyst  in  a  reversible  reaction  is  to  allow  the  equilibrium  to  be  achieved 
quickly 

(b)  Diffusion  process  is  involved  in  mechanism  of  heterogeneous  catalysis  process 

(c)  Hydrolysis  of  cane  sugar  is  catalysed  by  H+ 

(d)  Promotors  enhance  the  activity  of  a  catalyst 

25.  Select  correct  statement(s) 

(a)  Blood  is  a  colloidal  solution 

(b)  Alum  is  used  in  water  purification 

(c)  River  water  is  a  colloidal  solution  of  clay 

(d)  Colloidal  medicines  are  more  effective  due  to  large  surface  area 

Q  MATCH  THE  COLUMN 

Column-I  and  Column-n  contains  four  entries  each.  Entries  of  Column-I  are  to  be  matched 
with  some  entries  of  Column-II.  One  or  more  than  one  entries  of  Column-I  may  have  the 


matching  with  the  same  entries  of  Column-II. 

Column-I  | 

Column-n 

(A)  Chemisorption  1 

(P)  Exothermic 

(B)  Physical  adsorption 

(Q)  Endothermic  • 

(C)  Desorption 

(R)  Removal  of  adsorbed  material 

(D)  Activation  of  adsorbent 

(S)  Highly  specific  in  nature 

SURFACE  CHEMISTRY 


2.  Column-I 

(A)  Chemisorption 

(B)  Physisorption 

(C)  Desorption  of  a  solute  on  liquid 
surface 

(D)  Adsorption  of  a  solute  on  a  liquid 
i  surface 


|  Column-n  I 

!  (P)  Not  very  specific  and  decreases  withj 
j  temperature  j 

!  (Q)  Specific  and  increases  with  temperature  | 

I 

(R)  Increases  the  surface  tension  of  the) 

liquid  I 

(S)  Decreases  the  surface  tension  of  the| 

liquid _  j 


Column-I  j 

Column-n 

(A) 

Milk 

(P) 

Aerosol 

(B) 

Dust 

(Q) 

Emulsion 

(C) 

Cheese 

(R) 

Gel 

CD) 

Froth  j 

k<«. 

Foam 

m 


PROBLEMS  IN  CHEMISTRY 


13.  Colloidal  solution  can  be  purified  by: 

(a)  dialysis  •  (b)  electrodialysis  (c)  electrophoresis  (d)  ultrafiltration 

14.  Coagulation  of  colloids  can  be  achieved  by: 

-  (a)  centrifugation  (b)  adding  electrolyte  (c)  change  in  pH  (d)  adding  water 

15.  Which  are  the  properties  of  sols? 

(a)  Adsorption  (b)  Tyndall  effect 

(c)  Flocculation  (d)  Depression  of  freezing  point 

16.  In  the  aqueous  solution  of  soaps  above  CMC  : 

(a)  the  cations  associate  to  form  the  aggregates 

(b)  the  anions  associate  to  form  the  dusters  of  colloidal  dimension 

(c)  the  polar  ends  of  the  ions  forming  the  dusters  are  directed  towards  water 

(d)  the  non-polar  (hydrocarbon)  ends  are  directed  towards  water 

17.  Amongst  the  following  which  is/are  correct  statement  about  the  metal  sulphide  sols? 

(a)  The  sol  partides  are  positively  charged  due  to  preferential  adsorption  of  metal  ions 

(b)  The  sol  partides  are  negatively  charged  due  to  preferential  adsorption  of  sulphide  ions 

(c)  The  cations  of  added  electrolytes  are  effective  in  causing  the  coagulation  of  the  sol 

(d)  The  sol  is  unstabilized  due  to  both  the  electric  charge  and  hydration  of  the  partides 

18.  Emulsion  can  be  destroyed  by: 

(a)  the  addition  of  an  emulsifier  '  (b)  electrophoresis  with  a  high  potential 

(c)  freezing  (d)  all  of  these 

19.  Which  of  the  following  statement  is/are  correct  for  electrophoresis? 

(a)  Colloids  are  uncharged  partides  and  do  not  migrate  towards  the  electrodes  when  electric 
field  is  applied 

(b)  In  electrophoresis,  solution  migrates  either  to  the  anode  or  to  the  cathode  depending  on 
the  positively  or  negatively  charged  solution 

(c)  Electrophoresis  is  useful  for  finding  the  charge  on  a  sol 

(d)  All  of  these 

20.  Select  the  false  statement(s): 

(a)  Brownian  motion  and  Tyndall  effect  are  shown  by  true  solutions 

(b)  Sorption  process  is  combinations  of  adsorption  arid  adsorption  process 

(c)  Hardy-Schulze  law  is  related  with  coagulation  of  a  sol 

(d)  Higher  is  the  gold  number  greater  will  be  the  protective  power  of  a  lyophilic  colloid 

21.  Select  correct  statement(s) 

(a)  Lyophobic  colloids  are  used  to  protect  lyophilic  colloids 

(b)  Dehydrating  agent  is  used  to  coagulate  lyophilic  sols 

(c)  Rubber  is  obtained  by  coagulation  of  latex 

(d)  Sometimes,  the  rainfall  occurs  when  two  oppositely  charged  clouds  meet 

22.  In  which  of  the  followings,  Tyndal  effect  is/are  not  observed? 

(a)  Sugar  solution  (b)  Emulsions 

(c)  Urea  solution  (d)  Solution  of  proteins 

23.  Which  of  the  following  reactions  are  examples  for  heterogeneous  catalysis? 

(a)  2H2O2(0— ^(£)_^2H2O(0  +  O2(g) ' 

(b)  2S02(g)  +  02(g)— gPW.  >2SO 3(g) 

(c)  H2(g)  +  C2H4(g) — >CH3COOH(aq)  +  C2H5OH(aq) 

(d)  CH3COOC2Hs(aq)  +  H2O(0  Ha^  >CH3COOH(aq)  +  C2HsOH(aq) 


SURFACE  CHEMISTRY 


4.  If  adsorption  of  a  gas  on  a  solid  is  limited  to  monolayer  formation,  then  which  of  the  following 
statements  are  true? 

(a)  At  low  pressures,  —  varies  proportionately,  with  p 

m 

X 

(b)  At  moderate  pressures,  —  varies  less  than  proportionately  with  p 

m 

(c)  At  high  pressures,  —  becomes  independent  of  p 

m 

X 

(d)  At  high  pressures,  —  varies  more  than  proportionately  with  p 

m 

5.  Which  of  the  following  are  multimolecular  colloids? 

(a)  Sulphur  sol  (b)  Starch  (c)  Gold  sol  (d)  Soap  solution 

6.  Which  of  the  following  is  not  lyophilic? 

(a)  Gelatin  sol  (b)  Silver  sol 

(c)  Sulphur  sol  (d)  As2S3  sol 

7.  Which  of  the  following  is/are  correct  for  lyophilic  sols? 

(a)  Its  surface  tension  is  lower  than  that  of  water 

(b)  Its  viscosity  is  higher  than  that  of  wa'ter 

(c)  Its  surface  tension  is  higher  than  that  of  water 

(d)  Its  viscosity  is  equal  to  that  of  water 

8.  Select  the  correct  statement(s): 

(a)  Benzene  is  dispersed  phase  in  benzosols 

(b)  Lyophobic  sols  are  irreversible  and  not  so  stable 

(c)  Lyophobic  sol  can  be  produce  by  double  decomposition 

(d)  When  a  solution  of  sulphur  in  alcohol  is  added  in  excess  of  water  a  sol  of  alcohol  is  formed 

9.  When  negatively  charged  colloidlike  As2S3  sol  is  added  to  positively  charged  Fe(OH)3  sol  in 
stoichiometric  amounts? 

(a)  Both  the  sols  are  precipitated  simultaneously 

(b)  This  process  is  called  mutual  coagulation 

(c)  They  becomes  positively  charged  colloid 

(d)  They  become  negatively  charged  colloid 

10.  Colloidal  gold  can  be  prepared  by: 

(a)  Bredig’s  arc  method  (b)  reduction  of  AuC13 

(c)  hydrolysis  (d)  peptization 

11.  The  coagulation  of  sol  particles  may  be  brought  about  by: 

(a)  boiling  (b)  persistent  dialysis 

(c)  adding  electrolyte  (d)  adding  oppositely  charged  sol 

12.  Select  the  correct  statement(s)  : 

(a)  A  solution  is  prepared  by  addition  of  excess  of  AgN03  solution  in  KI  solution.  The  charge 
likely  to  develop  on  colloidal  particle  is  positive 

(b)  The  effects  of  pressure  on  physical  adsorption  is  high  if  temperature  is  low 

(c)  Ultra  centrifugation  process  is  used  for  preparation  of  lyophobic  colloids 

(d)  Gold  number  is  the  index  for  extent  of  gold  plating  done 


PASSAGE  4  * 

- 

Emulsions  are  normally  prepared  by  shaking  the  two  components  together  vigorously 
although  some  kind  of  emulsifying  agent  usually  has  to  added  to  stabilize  the  product.  This 
emulsifying  agent  may  be  a  soap  or  other  surfactant  (surface  active)  species  or  a  lyophilic 
sol  that  forms  a  protective  film  around  the  dispersed  phase. 

Emulsions  broadly  classified  into  two  types  : 

(i)  Oil  in  water  emulsions  (O/W) :  Oil  acts  as  dispersed  phase  and  water  acts  as  dispersion 
medium. 

(ii)  Water  in  oil  emulsions  (W/O) :  Water  acts  as  dispersed  phase  and  oil  acts  as  dispersion 
medium.  Dye  test,  dilution  test  may  be  employed  for  identification  of  emulsions. 

1.  Read  two  statements: 

(1)  Milk  is  an  example  of  oil  in  water  (O/W)  type  emulsion 

(2)  Cold  cream  is  an  example  of  water  in  oil  (W/O)  type  emulsion 

(a)  Only  statement  1  is  correct  (b)  Only  statement  2  is  correct 

(c)  Both  are  correct  (d)  None  of  these 

2.  Select  correct  statement: 

(a)  Water  in  oil  emulsions  are  more  viscous  than  the  aqueous  emulsions 

(b)  Electrical  conductance  of  aqueous  emulsions  is  less  than  that  of  oil  emulsions 

(c)  Deemulsification  can  be  done  by  soap  or  detergent 

(d)  An  emulsion  can  be  diluted  with  HzO  then  it  is  oil  in  water  (O/W)  type 

^  ONE  OR  MORE  ANSWERS  iS/ARE  CORRECT 

1.  Select  the  correct  statement(s)  : 

(a)  Physical  adsorption  is  specific  in  nature 

(b)  Chemical  adsorption  highly  specific  in  nature 

(c)  Physical  adsorption  is  due  to  free  valence  of  atoms 

(d)  Chemical  adsorption  is  due  to  stronger  interaction  or  bond  formation 

2.  Select  the  correct  statement(s): 

(a)  Adsorption  is  a  non-spontaneous  process 

(b)  Surface  energy  decreases  during  the  process  of  adsorption 

(c)  Adsorption  takes  place  with  decrease  of  entropy 

(d)  In  general  adsorption  is  exothermic  process 

3.  Select  the  correct  statement(s): 

(a)  Physisorption  is  favoured  by  low  temperature 

(b)  Chemisorption  is  favoured  by  very  high  temperature  because  the  process  is  endothermic 

(c)  Chemisorption  increases  with  increase  in  temperature  owing  to  high  activation  energy 

(d)  Oxygen  adsorbed  by  charcoal  can  be  desorbed  by  lowering  pressure  and  temperature 


1.  On  addition  of  one  mL  of  solution  of  10%  NaCl  to  10  mL  of  red  gold  sol  in  presence  of  0.025^ 
of  starch,  the  coagulation  is  just  prevented.  The  gold  number  of  starch  is: 

(a)  0.025  (b)  0.25  (c)  2.5  (d)  25 

2.  Which  of  the  following  statement(s)  is/are  correct? 

(a)  Higher  the  gold  number,  more  protective  power  of  colloid 

(b)  Lower  the  gold  number,  more  the  protective  power 

(c)  Higher  the  coagulation  value,  more  the  coagulation  power 

(d)  Lower  the  coagulation  value,  higher  the  coagulation  power 

3.  Gold  number  gives  an  indication  of: 

(a)  protective  nature  of  colloids 

(b)  purity  of  gold  in  suspension 

(c)  the  charge  on  a  colloidal  solution  of  gold 

(d)  gram  of  gold  per  litre  of  solution 

PASSAGE 

Coagulation  is  the  process  by  which  the  dispersed  phase  of  a  colloid  is  made  to  aggregate 
and  thereby  separate  from  the  continuous  phase.  The  minimum  concentration  of  an 
electrolyte  in  milli-moles  per  litre  of  the  electrolyte  solution  which  is  required  to  cause  the 
coagulation  of  colloidal  sol  is  called  coagulation  value. 

Therefore  higher  is  the  coagulating  power  of  effective  ion,  smaller  will  be  the  coagulation 
value  of  the  electrolyte. 

Coagulation  value  oc - - - 

coagulating  power 

The  coagulation  values  of  different  electrolytes  are  different.  This  behaviour  can  be  easily 
understood  by  Hardy-Schulze  rule  which  states. 

“The  greater  is  the  valency  of  the  effective  ion  greater  is  its  precipitating  power.” 

1.  Which  one  has  the  highest  coagulating  power? 

(a)  K+  (b)  Ca*  (c)  Al^  (d)  Sn1 2 3 4* 

2.  As2S3  sol  is  negatively  charged,  capacity  to  precipitate  it  is  highest  in: 

(a)  K2S04  (b)  Na3P04  (c)  A1C13  (d)  CaCi3  . 

3.  The  ability  of  an  ion  to  bring  coagulation  of  a  given  colloid  depends  upon: 

(a)  the  sign  of  its  charge  (b)  magnitude  of  its  charge 

(c)  both  magnitude  and  sign  (d)  none  of  these 

4.  The  coagulation  of  colloidal  particles  of  the  sol  can  be  caused  by: 

(a)  heating 

(b)  adding  electrolyte 

(c)  adding  oppositely  charged  sol 

(d)  all  of  these 
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,  A  graph  between  x/m  and  the  pressure  P  of  the  gas  at  a  constant  temperature  is  called 
adsorption  isotherm.  Where  x  is  the  no.  of  moles  of  the  adsorbate  and  m  is  the  mass  of  the  ' 
adsorbent.  Adsorption  isotherms  of  different  shapes  have  been  experimentally  observed. 
According  to  Frundlich  adsorption  isotherm. 

x/m=kP1/n 

where  k  and  n  are  constant  parameters  depending  upon  the  nature  of  the  solid  and  gas.  ' 

1.  In  the  given  isotherm  select  the  incorrect  statement :  r - xr~“ 

(a)  —  oc  P1/n  along  OA  !  Tp* 

m  [A  y  \ 

(b)  —  ocP°  when  point  B  is  reached  i m  /  j 

m  I  — - - ■-  : 

<  L_P  p  j 

^  —  does  not  increase  as  rapidly  with  pressure  along  BC  due  to  less 
\  m 

surface  area  available  for  adsorption 
(d)  nature  of  isotherm  is  different  for  two  gases  for  same  adsorbent 

2/  Adsorption  isotherm  of  log  f —1  and  log  P  was  found  of  the  type  :  r — r— ”  -  - -i 


This  is  true  when  : 
(a)  F  =  0 


(c)  -=1 
n 


(b)  P  =  1 


(d)  -=00 
n 


pti) 

L _ 


;T 

W; 

A 

t 

log  2 

1 

L  ° 

_ log  p — 

3.  Graph  between  log  ^ — J  and  log  P  is  a  straight  line  at  angle  45°  with 

intercept  OA  as  shown. 

Hence,  f — j  at  a  pressure  of  2  atm  is  : 


PASSAGE 


The  protective  power  of  the  lyophilic  colloids  is  expressed  in  terms  of  gold  number,  a  term 
introduced  by  Zsigmondy.  Gold  number  is  the  number  of  milli-gram  of  the  protective 
colloid  which  prevent  the  coagulation  of  10  mL  of  red  gold  sol.  When  1  mL  of  a  10  per  cent 
solution  of  sodium  chloride  is  added  to  it.  Thus,  smaller  the  gold  number  of  lyophilic 
colloid,  the  greater  is  the  protective  power. 
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26.  A  detergent  (C12H25S04Na+ )  solution  becomes  a  colloidal  sol  at  a  concentration  of  10_3M.  On 
,  an  average  1013  colloidal  particles  are  present  in  1  mm3.  What  is  the  average  number  of  ions 

are  contain  in  one  colloidal  particle  (micelle)?  [Given:  NA  =6x  1023] 

(a)  6xl07  (b)  10  (c)  60  (d)  None  of  these 

27.  One  gram  of  activated  carbon  has  a  surface  area  of  1000  m2.  Considering  complete  coverage 

as  well  as  monomolecular  adsorption,  how  much  ammonia  at  1  atm  and  273  K  would  be 

44 

'  adsorbed  on  the  surface  of  —  g  carbon  if  radius  of  a  ammonia  molecules  is  10~8  cm. 

7 

[Given:  N A  =  6x  1023] 

(a)  7.46  L  (b)  0.33  L  (c)  44.8  L  (d)  23.5  L 

28.  At  1  atm  and  273  K  the  volume  of  nitrogen  gas  required  to  cover  a  sample  of  silica  gel, 
assuming  Langmuir  monolayer  adsorption,  is  found  to  be  1.30cm3g_1  of  the  gel.  The  area 
occupied  by  a  nitrogen  molecule  is  0.16  nm2.  What  is  the  surface  area  per  gram  of  silica  gel? 
[Given:  N A  -6x  1023] 

(a)  5.568m2  g-1  (b)  3.48m2  g_1  (c)  1.6m2  g"1  (d)  None  of  these 

29.  10%  sites  of  catalyst  bed  have  absorbed  by  H2.  On  heating  H2  gas  is  evolved  from  sites  and 
collected  at  0.03  atm  and  300  K  in  a  small  vessel  of  2.46  cm3  . 

No.  of  sites  available  is  5.4 x  1016  per  cm2  and  surface  area  is  1000  cm2.  Find  out  the  no.  of 
surface  sites  occupied  per  molecule  of  H2.  (Given  NA  =  6x  1023) 

(a)  1  (b)  2  (c)  3  (d)  None  of  these 

30.  A  sample  of  16  g  charcoal  was  brought  into  contact  with  CH4  gas  contained  in  a  vessel  of  1 
litre  at  27°C.  The  pressure  of  gas  was  found  to  fall  from  760  to  608  torn  The  density  of 
charcoal  sample  is  1.6g/cm3.  What  is  the  volume  of  the  CH4  gas  adsorbed  per  gram  of  the 
adsorbent  at  608  torr  and  27°C? 

(a)  125  miyg  (b)  16.25  mL/g 


(c)  26  mL/g 


(d)  None  of  these 
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